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Sts as I haoully am, in the 
neighbourhood of the New College at 
Hackney, an inſtitution that does honour 
to the Diſſenters, an inſtitution open to 
all perſons, without diſtinction , and 
connected as I am by friendſuip with 
the tutors, I was glad to give it every 
afliftance in my power; and therefore 
undertook to read the Lectures on Hiſ- 
tory and Geheral Policy which I had 
compoſed when I was tutor at Warring- 
ton, and alſo to give another courſe on 
the ſubje& of Experimenta! Philoſophy. 
With this view I drew up the following 
Heads of Lectures; and, to fave the 
badge the trouble of tranſcribing 


ow One Sears of the beings Catholic perſuaſion, 
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them, thy ere naw. prit ted. T 0 Nader 
perſons they may ſerve as a compendi- 
ous view of the moſt important diſco- 


veries relating to the A 


As it was. fan moſt convenient, with 
reſpect to the other buſineſs of the col- 
lege, to confine this courſe to one lecture 
in a week, I contrived to bring within 
that compaſs as much of the ſubject of 
experimental philoſophy as I well could, 
and eſpecially to include the whole of 
What is called chemiſtry, ro which fo 
much attention is now given, and which 


preſents ſo many new fields of Philo- 
ſophical inveſtigation. 


Beſides that the es of the young 


gentlemen s ſtudies would not admit of 


it, I think it moſt adviſable not to trou- 
ble beginners with more than a large 
outline of any branch of ſcience. By 
this means they are not fatigued by too 
long an attention to any one ſubject, a 
greater variety of articles may be 
brought before them, and in fugire life 
ee may purſue any of them as much 
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farther as their n clination may diſpoſe, 
and their ability and enn ſhall, 
enable them to do. *. 


* 


* 


1 do not give any acount of the ex- 
periments. introduced into the ſeveral 
lectures. They will be ſufficiently indi- 
cated by the ſubjects. of them. 1 hey, 
were as many as I could conveniently 
make within the time; and where the 
experiments themſelves could not be 
made, I uſually exhibited both the dif- 
ferent ſubſtances employed in them, and 
thoſe that were the reſult of them. 


As theſe lectures were calculated for 


the uſe of the ſtudents at the New Col- 


lege, I prefix an Addreſs to them, the 
_ ſame in ſubſtance with that which I de- 
livered to them at the cloſe of the ſeſ— 
ſion of 1791. In it may be ſeen a ſpe- 
cimen of the language we hold to them 
on the ſubje& of politics, which with 
reaſonable men will ſerve as an anſwer 
to the many calumnies that have been 
thrown out againſt us, as diſaffected to 
the government of this country. _ 


8 „ 


vi PRE FACE. 
Such inſtitutions will, indeed, always 
be objects of hatred and dread to bigots' - 
and the advocates for arbitrary power, 

but the pride of a truly free country. 
I therefore conclude with my earneſt - 
prayer (the accompliſhment of which 
the preſent ſtate of the College does not 
allow us to doubt) ESTO PERPETUA, = 
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70 ITE STUDENTS OF THE NEW COLLEGE. 


IN HACKNEY, | 


My young Friends, 


H. drawn up the following Heads 
ef Lectures for your uſe, I take the li- 
berty thus publickly to dedicate them 
to you; and as J earneſtly wiſh for your 
improvement and happineſs in all re- 


— 


\ 


— 


ſpects, excuſe me if I take the farther 


iber of making a few obſervations, 


and giving you ſome advice, of a more 


general nature, adapted to your "ge and 
circumſtances, 


5 As you will ſoon leave this place of 
education, and enter upon your ſeveral 
profeſſions and employmenis, 1 hope 
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your * will demonſtrate to the 
world the ſolid advantages of this inſti- 
tution, and that the great expence at- 
tending it, and the beſt attention of the 
: managers, have not been beſtowed in 
vain. 


Many liberal friends of ſcience, of 
virtue, and of religion, have contri- 

buted to procure you the advantages 
- Which you enjoy. They have ſpared 
no pains to provide. able and careful tu- 
tors, and you have had every other ad- 

vantage for the proſecution of your 
ſtudies that they could procure you, un- 
clogged by, any ſubſcription to articles 
of faith, or obligation of any other 
kind, be ſides ſuch ag they! Have deemed 
neceſfuy for your own” good, and to 
give the inſtitution its greateſt effect. 

This is an advantage you could not 
have found” elſewhere, at teaſt in this 

country. And in every ſeminary of 
education much more depends upon 
opportunity for ſtudy, free from any 
obſtruction, and undue bias, than upon 


the * of tutors ; though there is an 
PEE. additional 
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additional advantage when they are 

able men, and eminent in the branches 
of ſcience which they undertake to 

teach. But this i is by no means fo. eſ- 
e as many other circumſtances. 


Whatever, be. the qualifications of 
your tutors, your improvement mult 
chiefly depend upon yourſelves. .They 
.cannot think or labour for you. They 
can only put you in the beſt way of 
thinking and labouring for yourſelves. 
If, therefore, you get knowledge, you 
muſt acquire it by your own induſtry. 
You muſt form all concluſion and all 
maxims, for yourſelves, den Fes 
and data collected, and conſidered by 
yourſelves. And it is the great object 
of this inſtitution to remove every bias 
the mind can lie under, and give the 
greateſt ſcope to true freedom of thiak- 
ing and enquiry. And provided. you 
be intelligent, and virtuous men, and | 

good citizens, it will be no cauſe of re- 

, gret to the friends of this inſtitution, if, 


with reſpect to 1 r politics, you 
9 5 9 ad pt 
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adopt ſyſtems of principles, and maxims 
of conduct, Ra from theirs. 


| Give me 1 now that 1 am Y 
1 you as young men, and -youns 
ſtudents, to ſuggeſt a caution on a ſub- 
ject, of the importance of whieh it is 
hardly poſſible that you ſhould be ſuffi- 
ciently aware, becauſe it is only impreſ- 
fed by that experrence which you have 
not yet had. I mean that degree of va- 
nity which generally accompanies the 
acquirements that diligent perſons of 
your age make in places of liberal edu- 
cation, and the contempt they are too 
apt to entertain for thoſe who have not 
made the ſame proficiency with them- 
ſelves. And I aſſure you, that in the 
obſervations I ſhall make on this ſub- 
ject, I have no view whatever to any 
thing that I have obſerved, or heard; 
of any of you in particular. Bur T have 
been in your ſituation myſelf, and 1 
know the importance of theſe obſer- 
vations to ſtudents i In general, © ke 


You 
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Fon are fiow a an age in wien 
youtig perſons, uſually make the moſt 
ſenſible advances. in Läowledge, and in 
which the underſtanding appears ro ripen 
in the. moſt rapid manner. Lou are 
able to ſay every year, every month, 
and almoſt every day, what particular 
advances you have made, and how 
much ybu. know more thai you did be- 
fore. And being taught, and accul- 
tomed, to expreſs your thoughts in 
writing, you find yourſelves qualified to 
do this in a manner of which you had 
no idea, or expectation, but a little 
time ago. Vou alſo perfe&tly remem- 
ber what you have ſo recently learned. - 
and in many feſpects may be more par- 
ticular and exact than Even your tutors 
themſelves. „ „% ion ge 


| | | * | 

| The almoſt unayoidable effe& of this.: 

is a high idea of-your own powers and - 
_ attainments, and too often a proporti- 
onable contempt of thoſe who, not 
having had equal advantages, cannot 
do what you are eafily capable of. A 
certain degree of vanity is, therefore, 
excuſabie 
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excuſable in young perſons; and, in- 


dced, it is by means of it that they are 
excited to exert themſelves in a manner 


that they would not otherwiſe have done. 


But be careful that this temper be not 


ndulged to exceſs, for it will then be 


found to have ſerious ill conſequences ; 
.the leaſt of which i is the precluding fu- 


ture improvement, from being already 


fatisfied with yourſelves, and conſcious 
bot a ſufficient W RET: over r others. 2 


The foundation of this ſelf andre, 


on account of literary attainments, will 
be found to be extremely weak. In 
fact, we learn more before the period 
to which you are now arrived, and 1 
hope you will continue to learn more 
atter it, without its being ſo much no- 


ticed; and the ability that is diſcovered 
in the acquirements which are the ſub- 
jects of this vanity is not greater than 
appears on other occaſions. Only they 


are not Clo conſpicuous, 


What we all Kam, in the firſt three 


years of our hves, is mich more extra- 


ordinary 


2 — 
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ordinary in its nature than all that we 
acquire afterwards. I mean the perfect 
uſe of our limbs, and the elements of 
ſpeech. What we learn in a month in 
that early period of life, could not, if 
we were brought up in the ignorance of 
it, be learned in a year at any ſubſequent 
period. But theſe acquirements being 
univerſal, and what the circumſtances 
in which we are all neceſſarily in compel 
us to learn, it does not appear extraordi- 
nary in any particular individual. Alſo, the 
Proficiency that boys make at a grammar 
ſchool, in which, in general, the dead 
languages only are taught (a knowledge 
of which is commonly the reſult of ſe- 
vere application) is too common to be 
the cauſe of much ſelf-conceit. But the 
advances that are made at places of li- 
beral education are both leſs common, 
and of a more conſpi hene nature. 


vou will alſo find, if you continue 
your application to ſtudy, that it is only 
the elements of ſcience that you can 
acquire here, and if you live many years, 
they will bear but a ſmall proportion to 
COB We your 
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"your. boture 6quifetfients. But thoſe # 
future acquire ements, 1 in conſeq uence 6f | 
their bearing à lefs proportion to your 
Whole flock of kfiowledge, will not be 
fo conſpicubus. Thus, though all the 
buildings that in one. year are added to 
ſuch à city as London would make : 
pretty large country town, they bear ſo 
ſmall a proportion t6 what was built be- 
| fore, that they are not much noticed ; 
whereas, had Half tlie quantity of build. 
ing been erected in a place where no 
houſe had exiſted before, it would have 
been # mefmoribte event inthe hiſtory of 


"uf AIM 


the country. 


to, as in ol cities many buildings 
will fall to decay, while new ones are 
added; you muſt expect to forget much 
of what you now know. No man can- 
give equal attention to every object; and 
as we advance in life, we, in general, 
only learn new things at the expence of 
che old ones. But then they are the 
more valuable articles of knowledge, 
the more general and leading principles, 


which remain wich us; while the more 
| Ane 
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uſeleſs ones, things to which we give leſs 
attention becauſe we find them to be of 
les uſe, diſappear. - Tet it is no uncom- 
mon thing for ingenious ſtudents to def. 
piſe old ſcholars who are not fo ready in 
_ the minitie: of literature, though they 
may have forgotten more than thoſe 
youths ever knew, and may retain what 
they cannot acquire without en if 
as mms; 


| Another eon proper to leſſen 
the conceit of literary men, is, that ge- 
nius is not confined to them, but is 
equally great, though not equally con- 


ſpicuous, in every other line of life, and 


eſpecially in manufactures and the arts. 
Here, however, diſcoveries equal, with 
reſpecł to ſagacity, to thoſe of Newton, 
"contribute little to poſthumous yy be- 
c ns diſcoverers a1 not writers. 


But the greateſt branch of cane. | 
| tual excellence, with reſpe& to which 
every other is nothing, and which, from 

its nature, can never be a foundation of 

1 any, * conceit, is virtue, or right dif- 
: | ee 
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.- poſitions of mind, leading - to right con- 

duct in life. Proper ſentiments, and juſt 
affections of mind; ariſe from: juſt, and 
often compretionſine: views of things, 
+: paſt, preſent and to come. And ifthe 
real greatneſs c of any thought, or action, 
be eſtimated hy the number of elements 
that conſtitute i it, and its *motenelk from 
the dictates of ſenſe and natural appetite, 

a virtuous and pious man will appear to 
be a much more dignified eee | 
more proper to be viewed with admira- 
tion and eſteem, than the greateſt ſcho- 

lar; diſcovering, in fact, greater com 
prehenſion and force of mind I mean, 
however, that virtue which i is the reſult 
of reflection, of diſcipline, and much 
voluntary exertion, which, though 

8 operating with equ; 1 promptneſs and fa- 

cility, is as much ſuperior to mere inno- 
cence, and what i is commonly called good 
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naiure, as motions ſecondarily automa- 
tive are to thoſe that are primarily ſo; 


a compariſon which you Who have ſtu- 
died Hartley's T "Ol of the Mind will 
ſee the _ of, . 
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Theſe conſiderations I take the liber- 
ty to ſuggeſt, as being Proper to leſſen 
that vanity which is ſo incident to thoſe 

who diſtinguiſh themſelves in the fields 
ol literature; and which, operating like 
de acquiſition of W dg or power, or 
any poſſeſſion that is rare among men, 
inſtead of enlarging, may tend to con- 
tract the mind, by confining its attention 
to itſelf, Beginning with a generous emu- 
lation, it proceeds to envy and jealouſy, 
and ends i in actual hatred and malignity, 
- apainſt which you cannot, ſurely, be too 
ſtrongly put upon your guard; this be- 
ing the greateſt depravity to which hu- 
man nature is ſubject, and which yet, 
like any other vice, may. be in full poſ- 
ſeſſion of the mind, without the perſon 
himſelf knowing, or ſuſpeQing i it ; un- 
leſs he give more attention to his feelings 
than moſt perſons do. If no man ever 
thought himſelf to be avaricious, or 
cruel, can it be expected that any per- 
ſon ſhould ever diſcover chat he is too 
ſell. conceized ? TY 
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Better, however, infinitely better, 
were it to rank with the mereſt dunces 
than have the conveit and malighity 
(produced originally from conveit) of 
ſome who have diſtinguiſhed themſelves 
the moſt as linguiſts, critics, and poets. 
Even the ſtudy of nature, though, from 
its vaſt extent, it is leſs apt to produce 
this baneful effect, is not always a ſuf- 
ffeient guard againſt it. This is an afs 
feaing ant un alarming conſideration, 
Bit in the intellectual, as in the civil and 
Eomtnercial world, we gain nothing but 
at the riſk of ſome loſs; and in this caſe 
the poſſible gain is worth the riſk af eve 
this t loſs. +4 


For when literary and ſcientific ex- 
cellence coincide with that which is of 
a mofal nature, it adds unſpeakably to 
the value of a character. Ingenuity | 
coupled with modeſty, and great genius 
with benevolence and true piety, con- 
ſtitute the perfection of human charac- 
ter, and is what we ſhould ever have in 
view, And a courſe of education in 
which both theſe _ are equally at- 
tended 
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t ended to, is the only one that deſerves 
= to be called liberal. but fuch as; 1 
= e e i 


— 


| Give me Ieave further to Pbterer to 
you, that the time that you ſpend in a 


place of liberal education is of more im- _ 


portance to you than you can be at pre- 
ſent aware of. Whatever be the ſphere 
of life for which you are deſtined, the 

| ity is, that you will hereafter 


rrp compared to what you have 
now. Beſides, general maxims of all 
kinds, fuch as ate the foundation of all 
our future conduct, in morals, religion, 


or politics, are generally formed at your 


time of life. From this period expect 


no great change in your opinions, or 


conduct; becauſe now itis that you give 
Particular attention to the forming your 
opinions on all ſubjects of importance; 


ſo that very little that is materially new 
b you cart be expected to occur to you 


in futute Hfe, and almoſt every thing 

that you would choofe to read will only 

Ne to confirm you in the general prin- 
| cipies 


„Xx DEDICATION: 


cigles that you, will now adopt. There 
are, no doubt, exceptions to this, as 
well as every other gerieral-obſervation ;: 
but it is wiſdom to ſuppoſe, and to act 
ypon the; ſuppoſition, that we are con- 
ſtituted as the. generality of mankind. o 
are, and that we ſhall feel, and act, as .q 
they do. Since then, ſo much depe * = 
on the leading principles and maxims. 
which you will now adopt, be it your, 
care to form juſt and good ones, and let 
no authority of tutors, or others, have 
any undue influence over you. In all 
caſes think and judge for yourſelves, 
and eſpecially on all ſubjects of 'import- 
ance, and with as much attention as 
790; can "94 to them, | 
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ſtate of things, to ſay. ſomething- re- 
ſpecting another ſubject, which now 
commands umyerſal attention, You 
cannot but be appriſed, that many 
perſons entertain a prejudice againſt this 
College, on account of the republican, 
and, as they chooſe to call them, the 
licentious, principles of government, 
5 | | which 
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oa are la to be taught here. 
Show, then, by your general converſa- 
tion, and conduct, that you are the 
friends of peace and good order; and 
that, whatever' may be your opinions 
with reſpect to the beſt form of govern- 
ment for people who have no previous 
prejudices or habits; you will do every 
thing in your power for the prefervation | 
of that form of it which the generality 
of your countrymen approve, and un- 
der which you live, which is all that can 
be reaſonably expected of any ſubject. 
As it is not neceſſary that every good ſon 
ſhould think his parent the wiſeſt and beſt 
| -man in the world, but it is thought ſuf- 
-ficient if the ſon pay due reſpect and 
obedience to his parent; ſo neither is 
it to be expected that every man ſhould 
be of opinion that the form of govern- 
ment under which he happens to be born 
is the beſt of all poſſible forms of go- 
vernment. It is enough that he ſubmit 
to it, and that he make no attempt to 
bring about any change, except by fair 
reaſoning, and endeavouring to convince 
his countrymen, that it is in their power 
EN 5 to 
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to bettes their candifion in that reſpect, 
as well as in any other. Think, there- 
fore, ſpeak, and write, with the great- 
eſt freedom on the ſubject of govern- 
ment, particular or general, as well as 
on any other that may come before you. 
It can anly. be avowed tyranny that 
would prevent this. But at the ſame 
time fubmit yourſelves, and promote 
ſubmiſſion in others, to that form of 
government which you find to be moſt 
approved, jn this country, which at pre- 
ſent unqueſtionably is that 55 og 
Gorda, and ee e 


70 ei we may, 3 18 
lowed to think and act entirely for ur- 
ſelves; in all caſes obeying God and 

conſcience rather than man, But let us 
be thankful for the degtee of liberty: that 
we are allowed, though it be not all that 
we are juſtly entitled to; and let us not 
uſe any other means than reaſon and 
argument in order to better our condi- 
tion. By this peaceable and ſteady con- 
duct we ſhall at length capvinee thoſe 


who. wil hear realan, that we are enti- 
tled 
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d dd to greater conſideration; aud doubt 


not but whatever is true and right, will 


finally prevail, and be univerſally eſta- 
bliſhed, | 


— 


That any of your tutors, or any of 


me friends of this inſtitution, wiſh to 
promote reformation, in church or ſtate, 


buy any other means than thoſe of reaſon, 
and argument, is a calumny, utterly void 


of foundation, or probability. But your 


conduct, diſperſed as you will ſoon be 
ln different parts of the country, will be 
the beſt means of refuting it. Let us 
leave the method of proceeding by riot 
and tumult to thoſe perſons to whoſe 
ſchemes ſuch proceedings are congenaal. 
Truth ſtands in no need of ſuch ſupport, 
and will always triumph when affailed by 
ſuch weapons. In return, then, for the 
advantages which you have enjoyed in 
this inſtitution, do it this ſervice ; and in 
recommending it, I truſt you are doing 
ſubſtantial ſervice to the cauſe of liberty 
and truth; and conferring a moſt im- 
portant benefit on your country, and on 

| mankind, 
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2 he Intro 2 


T. object of experimental chiloſophy 
is the knowledge of nature in general, or 
more ſtrictly, that of the properties of 
natural ſubſtances, and of the changes of 
thoſe Properties in different circumſtan- 
ces. This knowledge can only be at- | 
tained by. experiment, or ohſer vation; as 
that clay is capable of becoming hard 
| by means of fire, and thereby being : 
made into bricks, and that by. the ſame 
means limeſtone can be converted i into 
3 Si: quick- 


. £ LECTURES | o * 5 
quick lime, and by the ide of wa- 
ter ard ſand, make mortar. It is by 
obſervation alſo that we diſcover that 
ſtones and other heavy bodies fall to the 
ground, and that a magnet will attract 
iron. In other words, experimental 
_philoſophy is an inveſtigation of the wiſ- 
dom of God in the works and the laws 
of nature, ſo that it is one of the great- 
eſt objects to the mind of man, and 
opens a field of inquiry which has no 
bounds; every advance we make ſug- 
geſting new doubts and ſubjects of fare 


ther inquiry, 


The udiformity we diſcover in the 
properties of natural ſubſtances enables 
us to lay down general rules; or princi- 
ples, which, being invariable, we call 
the laws of nature; and by our know- 
ledge of theſe laws we are able to pre- 
dict, and at our own pleaſure to pro- 
duce, particular reſults, and this is the 
ſource of all the powers of man, It is 
the direction we acquire of the powers 
of nature; ſo that, as Lord Bacon obſery- 


ec e is power. 1 
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All arts and manufactures are derived 
from ſcience. Thus the doctrine of ne- 
chanics is an application of the law of 
_ gravitation. Every thing we are capa- 
ble of doing by means of the ſleam- en- 
gine is derived from our knowledge of 
the properties of water in ſteam ; and 
all the great effects of gunpowder we 
owe to our knowledge of the compoſi- 
tion, and chemical nm of that 
ee 17 | 


nog” new appearance in nature is 
preceded by ſome new circumſtance, 
and to this, or rather to ſomething al- 
ways attending it, we ſay that the ap- 
pearance is ing. This circumſtance 
we therefore call the cauſe, and the new 
appearance the .effe# of that cauſe. 
Thus we ſay that the union of Phlogiſ- 
ton to a particular kind of earth is the 


cauſe of beaming a metal. 


11 8 is one af che id ada of phi 
loſophizing to admit no more cauſes than 
are neceſſary to account for the effects. 


Thus, if the power of gravity, by which 
B 2 1 


*& 
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| heavy bodies fall to the earth, be ſuffi 
cient to retain the planets in their orbits, 
we are authorized to reject the Carteſian 
'Vortices. In other words, we muſt 
make no more general propoſitions than 
are neceſſary to comprehend all the par- 
ticulars contained in them. T hus, after 
having obſerved that iron conſiſts of a 
particular kind of earth united to phlo- 
giſton, and that it is ſoluble in acids; ; 
and that the ſame is true of all other 
metallic ſubſtances, we fay, univerſally, 
that all metals conſiſt of a peculiar earth 
and Phlogiſton, and that they are all ſo- 5 
Ns 1 in ſome-acid,- BT, 


Of 32 e which occaſion 
% change in the properties of bodies, 
ſome are the addition of what are pro- 
perly called ſubſtances,” or things that are 
the objects of our ſenſes, being viſible, 
tangible, or having weigbt, &c. Thus 
the addition of an acid changes an alkali 
into a neutral ſalt. But other changes 
are occaſioned either by a change of tex- 
ture in the ſubſtance itſelf, or the addi- 
tion of ſomething that is not the . 
+ ag £ 7 E 
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of any of our ſenſes. Thus, a piece of, 
ſteel becomes a magnet by the touch of, 


another magnet, and a drop of glaſs ac- 
quires the property of flying aſunder by 


a ſmall. fracture, in conſequence of fall- 
ing when red hot into cold water. Such 
alſo, in the opinion of ſome, is the dif- 
ference between hot and cold ſubſtances, | 


Till the nature of the cauſe be aſcer- 


tained, it is convenient to make uſe of 


the term principle, as including both of 
the · above mentioned cauſes of the 


change of properties in bodies. Thus, 
whatever be the real cauſe of gravity, . 
or of inflammability, we may ſpeak of 


the principle of gravity, or of inflamma- 
bility ; whether, with Newton, we ſup- 


poſe gravity to be occaſioned by a fluid 
pervading the whole univerſe, which he 


_ termed ether, and whether inflammabi- 


lity be. cauſed by the preſence of a 'real 
ſubſtance called phlogiſton, or not. In 


this manner we uſe the letters x and y to 


om unknown quantities in algebra. | 


\ 


When changes are made in ſubſtances 


by the addition of other ſubſtances, they 5 


B 3 make 
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nals whit i is called a chemical 2 union 3 
and in this caſe the properties of the 
compound cannot with any certainty be 
deduced from thoſe of the component 
parts, but muſt be aſcertained by freſh 
experiments. Thus, from the ſpecific 
gravities, or the degrees of fuſibility, of 
two metals, thoſe of the compound can- 
not be predicted. Neither water nor 
acid of vitriol will ſeparately diſſolve 


iron, ſo as to produce inflammable air, but 
both together will do it. However, the 


/ 


Properties of fimilar compounds are ſimi- 
bart to one 8 Thus, all metak ai | 


| index we e to a certain F 


_ attratlion, or affinity that ſubfiſts be- 


tween them, in conſtquence of which 
they unite with one another whenever a 
proper opportunity offers, in preference 
to thoſe ſubſtances to which they were 
before united. Thus the vitriolic acid, 
having a ſtronger affinity with the veget- 
able alkali which is the baſis of nitre, 
will unite with that alkali, and with it 
form another compound, called vitrie 


elated 
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claled tartar, while the acid: of nitre,. 

being detached from its way is collect. 
ed: eee 


- am two ſubſtances wa one li- 
quid, and a third, which has a ſtronger- 


affinity with either of the two parts than 
they have with each other, is added to 
them, it will: unite with: that part, and 
take its place i in tlie ſolution, while the 
other will in many caſes be precipitated, 

and may be collected. Thus the earth. 
5 of alum is precipitated from a ſolution. 
be alem FE ſalt of tartar, Ko one 1 


When wh. the © Rs See” 
p the component parts of which 
have a weaker affinity with each other 
than they have with thoſe of the other 

compound, two new combinations are 5 
ſormed, and this is called a caſe of dou - 
ble affinity. Thus when phlogiſticated 
alkali is poured into a ſolution of green 
vitriol, the acid of the vitriol unites with . | 
the alkali, while the phlogiſton joining . . 
5 2 iron makes * ; 


"Pu nw” 


— 


f 
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All nature lying open to our caves 
| gation, we muſt conſider the different 
parts in ſome order. But it is not very 
material which we adopt, becauſe, be- 
gin where we will, the properties of the 
ſubſtances we firſt treat of will be con- 


nected with thõſe which muſt be particu- 


larly conſidered afterwards, the changes 
in one ſubſtance being occaſioned by its 
union with another.. It will be impoſſi - 
ble, for example, to explain the proper- 
ties of metals without conſidering the 
acids, becauſe by their union with acids 
very important Ik G28 are made in 


meir properties. „ ped s 


There have been three e iich! me- 
dock, of arranging natural ſubſtances. 
One is according to the three. kingdems,. 
as they are called, into which they have 
been diſtributed, viz. the mineral, the 
vegetable, and the animal. Another is 
according to the elements which enter. 
into their compoſition, and a third ac- 
cording to the form in which they are 
uſually found, viz; arial, fluid, or ſolid. 
Upon the whole this laſt appears to me 
; | — 


1 
4 


— 2 
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to be the mo convenient, eſpecially as 
it is ecaſy to intermix general obſerva- 
tions concerning the other diviſions 
when they are particularly wanted. As 

there will be frequented occaſion to 
ſpeak of the component and elementary 
parts of all ſubſtances, I ſhall here ob- 
ſerve, that, according to the lateſt ob- Z 
ſervations, the following appear to be 
the elements which compoſe all natural 
ſubſtances, viz. dephlogiſticated air, or 
the acidifying principle; phlogiſton, or 
the alkaline principle; the different earths, 
and the principles of heat, light, and 
electricity. Beſides theſe, there are the 
following principles which have not been 
proved to be ſubſlances, viz. atiraction, 

repulſion, and magneliſiu. By the help 

of theſe principles we are able, accord - 
ing to the preſent ſtate of natural know- 
ledge, to explain all the appearances that 
have yet occurred co us. | 


ws + 
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- particular ſubſtances, it will be proper to 
them all. But I ſhall firſt obſerve, that 
nexed to it, but is merely a convenience 


E] properties of ſubſtances, ſuch as hard, 
 . _ round, coloured, &c. &c. (which cir- 
dunmſtances alone affect our ſenſes, and 


thereby give proper ideas) without ſay- 


Ke Ee 
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LECTURE I. 
Of the Properties of all Matter. 


iron 1 conſider the properties of : 


mention thoſe which are common to 
the term /utftance kas no proper idea an- 


In ſpeech ; ſince we cannot ſpeak of the 


ing that they inhere in, or belong to, 
ſome thing, ſubſtance, or ju feratum.. 
The terms being and perſon are Eby iy 
the ſame > hare 


One property of all ſübſtances i Is ne 
Tenſion, ſince they all gecupy Tome por- 


| tion of er 


The 
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The incapacity of any ſubſtance to 
change its place has been termed, 
© though im properly, the vis inertiz of 

matter. It is ſufficient to ſay, that nei- 
ther this, nor any other effect c: can be 1 8 
5 ny without a cauſe, . ; 


Ui Jiviſbility. is a de pro- 
perty of all extended ſubſtance; and 
from this circumſtance it will follow, 
that the ſmalleſt quantity of ſolid matter 
may be made to fill the largeſt ſpace, and 
yet none of the pores ſhall exceed the 
| ſmalleſt given magnitude; and conſe- 
quently, that, for any thing we know to 
the contrary, all the bodies in the uni- 
verſe may be Ne in the . 
| ons 


Aber property - uſually. aſcribed to 
all matter is #mpenetrabilily, or the ne- 
ceſſary excluſion of any ſubſtance from 
the place occupied by another. But the 
only proof of impenetrability is the re- 
 fiftance that we find to our endeavours to 
put one ſubſtance into the place of ano- 
der; 5 and it is e by expeti- 

ments, 


„ 
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ments, that this reſiſtance , is not occa- 
ſioned by the actual contact of the ſub- 
ſtances, but by a power of repulſion 
acting at a real diſtance from their ſur- 

faces. It requires a conſiderable force 
to bring two ſolid ſubſtances into as near 
contact as the particles of the ſame ſub- 
ſtance; and that he/e are not in actual 
contact is evident, from their being cap- 
able of being brought nearer by cold; 

and this is maſt remarkable with reſpect 
to the heavieſt, that is, the denſeſt, of 
all ſubſtances, viz. the metals, 


A more poſitive argument for. the, 
penetrability of matter is, that the par- 
ticles of light, after entering the den- 
ſeſt tranſparent ſubſtance, do not appear 
to meet with any obſtruction to their 
progteſs til mo come to the oppoſite 
4e. 

k The powers of attraction and repulſi- 
on ſeem to be common to all matter, 
and the component parts of all ſubſtan- 
ces are kept in their places by the due 
balance of thoſe oppoſite powers. . If, 


- 
—_ 
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by any means, the particles of any ſub- 

ſtance be removed beyand their ſphere 

of mutual attraction, they repel one 

another, as | thoſe of water when it bee 
comes frcam.” h 


| of the different kinds of attraction, 
that of gravitation ſeems to extend to 
the greateſt poſſible diſtance; but that 
which keeps together the parts of the 
ſame ſubſtance, thence called the 41. 
traction of cobeſion, and the different 
kinds of chemical attractions, called a- 
finities, only act at a ſmall diſtance. Of 
the cauſes of theſe attractions we are en⸗ 
tirely ignorant. | 
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"Azzn IFORM ebony of which the 


- air that we breathe is one, though invi- 


ſible, are real ſubſtances,. as: appears by 
wn excluding other INN: 


That the air has weight appears. by. 
actually weighing a veſſel before and aſter 
it is exhauſted of air by means of an air- 
pump. (an inſtrument contrived for. "_ 
purpoſe) by its burſting a es 
various other e, | 


Air, Win fluid, preſſes al ao 
tions, as in the experiment of the foun- 
| tain in vacuo, and others. 


The weight of the air is the cauſe of 
the ſuſpenſion of mercury ina barometer, | 
and of the action of pumps. The weight | 
of atmoſpherical air is to that of water 
In the proportion of about 1 to 800, ſo 
as to preſs with the weight of about 
fourteen pounds on every ſquare inch of 


ſurface, or ied 
l Air , 


| 2 $1. : 
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Air, being an elaſtic fluid, is capable 
of occupying more or leſs ſpace accor- 
ding to the preſſure which it ſuſtains, 
as appears by a bladder partially filled 
with air being expanded when the air is 
drawn from a receiver in which it is put, 
by means of the-air-pump, and com- : 
preſſed in the condenſing engine, an i» 
ſirument the ue of the © air. pump. | 


Air is aer to Fa conveyance of 
ſound, to the exiſtence of flame, and to 
animal uſe, | | 
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Of Atmoſpherical Air 


17 firſt ſpecies of air that offers itſelf 
to our conſideration is that of the atmoſ- 
phere, which appears to conſiſt of a 

mixture of two kinds of air, of differ- 

ent and oppoſite qualities, viz. dephlo- 
giſticated and phlogiſticated, in the pro- 
portion of about one third of the former 
to two thirds of the latter. It is by 
means of the former of theſe two in- 
gredients that it ĩs capable of ſupporting 
flame and animal life. 


This compoſition of atmoſpherical 
air is proved by ſeveral ſubſtances ab- 
ſorbing the dephlogiſticated air, and 
leaving the -phlogiſticated. , All theſe 
proceſſes have been termed phlogiſtic, 
becauſe the effect is not produced but 

wok ſubſtances ſuppoſed t. to contain phlo- 
=] | e " 
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giſton in a volatile ſtate; and by the 

affinity between phlogiſton and the de- 
phlogiſticated part of the air, the one is : 

. ſeparated from the other. Of theſe 
proceſſes are the ' calcination of metals, 

a mixture of iron-filings and ſulphur,: . - 

liver of ſulphur, the burning of phoſ<s, , 

5 phorus, and the effiuvia of flowers. | MEE 
fa FO =" 3 it is 3 5 
clear that any thing is emitted from the: "%. 
ſubſtance that produces this effect; for 
water deprived of all air will abſorb te 
dephlogiſticated part of the atmoſpheri- — 
cal in ꝑreference to the phlogiſticated 


As a purity of „ ain 
or its fitneſs for reſpiration, depends up- 
on the proportion of the :dephlogiſtica« 

ted air that it contains, any of the above- 
mentioned proceſſes will ſuffice to deter- 
mine it. The more any given quantity 
ol air is diminiſhed by any of them, 
the purer it was before the diminution. 
But this effect is produced the moſt ; 
NY by a mixture of nitrous air, wo 


18 v rere ass o 
firing inflmmable air in ir deingalmoſt 


inſtantaneous. = 
In order e the puriep-6f air, 


it is convenient to take more of the ni- 
trous or inflammable air than is neceſſa- 
ry to ſaturate the dephlogiſticated air it 


contains. Equal. quantities af each beſt- 


anſwer the purpoſe. i Suppoſing a given 
quantity of atmoſpherical air to be mix- 
ed with any equal quantity of nitrous air. 


and the reſiduum to be 1. 1 meaſure, 


| "Y 
4 > 2 K. 3 
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the proportion of dephlogiſticated and! 
| JET: air init I found by: : 


Wake faturate two meaſures of bare nitrous by 
5 o viz, one of . 
1. che roſ um 
2 — ; 
-3) 2.9 the quantity cha has difaps 
3 
a the he dephlogitiard air contalagd 
THEM in the meaſure of che air exan 
And this ſubſtracted HAR, 1. 1888 7 for 
the proportion of Phlogi iſticated air in it. 
5 | LECTURE 
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LECTURE. IV, 
co Dephlogiſticated Air, 


1 air, which is one 
of the component parts of atmoſpheri- 
cal air, is a principal element in the com- 
poſition of acids, and may be extracted, 
by means of heat from many ſubſtances 
which contain them, eſpecially the nl. 
* Bar vitriolic 3 As. be nitre, ec 
——_ * a from, 8 "Two. Lei 415 
_ themſelves, expoſed to a red heat in an 
earthen tube. This kind of air is alſo 
contained in ſeveral ſubſtances which 
had attracted it from the atmoſphere, as. 
from precipitate per fe, minium. * 


manganeſe. 


| Dephlogilticared : air is | likewiſe pro- 

duced hy the action of light upon green 
vegetables; and this ſeems to be the 

chief means employed by nature to pre- 
ſerve the purity of the atmoſphere. 


— 


It 
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bs 


11 iö this ingredient in atmoſpheric air 
that enables it to ſupport combuſtion and 
animal life. By means of it the moſt 
intenſe heat may be produced, and in the 
pureſt of it animals will live nearly five 
times as long as in an equal quantity of 
N air, pots ks ; "of 


In waa part of this air, «pi 2 
ing the membrane of the lungs, unites 
with the blood, and imparts to it its 
florid colour, while the remainder, uni- 
ting with .phlogiſton exhaled from the 
venous blood, forms fixed air. It is de- 
phlogiſticated air combined with water 
8 chat enables fiſhes to live in f it. e 


- Dephlogiicated af air is Selig he- 
vier than atmoſpherical air, and the pu- 
rity of it is meaſured by mixing with it 
two equal quantities of nitrous or inflam » * 
mable air, deducting the reſiduum after 
the diminution from the three meaſures 
employed, and dividing the remainder 
by 3, as in the proceſs for common air. 


Of 
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wy Phlogificated Air, 


Ti HE ; other ingredient. | in the FU 
ſition of atmoſpherical air is phlogiſti- 
cated air. It is procured by extracting 
the dephlogiſticated Part. « of the com- 
mon air, as by the calcination of metals, 
ec. &c. by diſſolving animal ſubſtances 
in nitrous acid, and alſo by the union of 
Phlogiſton with "nitrous air, as by heat- 
ing iron in it, and by a mixture of i iron- 
ue and . 3 . 


4 * 
ww 7 


- 4 


© Phlogilticared air exti inguiſhes a can- 

de, is entirely unfit for reſpiration, and 
is ſomething lighter than common air. 
It is not capable of decompoſition, ex- 
cept by exploding it together with a 
ſuperabundance of dephlogiſticated air, 

and a quantity of inflammable air, or 
by taking the electric ſpark repeatedly 


in a mixture of it and IP” 
air. In theſe caſes. 1 p 6 1s 


% 
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LECTURE v. 
© © Of Inflanmable Ar. 


Janwwenans air is procured from all 
combuſtible ſubſtances by means of heat 
and water, and from ſeveral of the 
metals, eſpecially iron, zink, „ and tin, 
by the vitriolic and marine acids, rf 


From oils and ſpiric of vine it is 
procured by the electric ſpark. By the 
fame means alſo alkaline air is convert- 


ed into it. 


T hat which is procured from metals, 
eſpecially by ſteam, is the pureſt and 
the lighteſt, about ten times lighter 

than common air; in conſequence of 

which, if a ſufficient quantity be con- 

fined in a light covering, it is poſſible 
to make it carry up heavy weights. 

When it is procured from animal or 
vegetable ſubſtances, it is of a heavier 
35 %% ns. - 


* — 


—_ 
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kind, and burns with a lambent flame, 


of various colours, 7 to the 


| eien 


Cate of wen based! in inflamma- 
ble air are revived, and the air abſarb- 
ed; and ſince all the metals are revived 
in the ſame inflammable air, the prin- 
ciple of metallization, or pblogiſlon, ap- 
pears: to be the ame in them all. 


Pure 13 air ſeems to canli 
of phlogiſton and water, and the lam- 
bent kinds to be the ſame thing, with 
dhe addition of ſome * e en | 

| throng. it. 


- 


7 
. . * 
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fo Fi itrous an 


3 air is procured by diſſolving 
moſt of the metals, eſpecially i iron, met- 
cury, and copper, in the hitrous acid; 
but that from mercury ſeems to be the 
pureſt. Nitrous air produced from cop- 
Per contains a mixture of phlogiſticated 
air. Some nitrous air is alſo obtained 
from the ſolution of all vegetable ſub- 
ſtances in nitrous acid; whereas anitnal 
_ ſubſtances in the . ſame proceſs yield 
chiefly phlogiſticated air: but in both 
- theſe caſes there 1 is a mixture of rae 
This ſpecies of air is ewt pro- 
duced by impregnating water with ni- 
trous vapour. This proceſs continues 
to have this effect aſter the water be- 
comes blue, but ceaſes when it turns 
green; there not then, probably, being 
a ſufficient proportion of water. Ni- 
N trous 
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trous air is likewiſe produced by volatile 
alkali paſſing over red hot manganeſe, 
or green vitriol, when they are yielding 
5 dephlogiſticated air This ſhews that 
dephlogiſticated air is one ingredient i in 
the compoſition of nitrous air, and the 
ſame thing appears by pyrophorus burn- 
ing init. On the contrary, when ni- 
trous air is made to paſs over red-hot 
iron, volatile alkali ee . 


=. 


| Niwous air is pls decompoſed 
by a mixture of about half its bulk of 
dephlogiſticated air, and the produce 
is nitrous acid. And as nitrous acid is 
likewiſe formed by the union of inflam- 
mable and dephlogiſticated air, one 
principal ingredient in nitrous air muſt 
be common to it and inflammable air, 
or phlogiſton. This air is likewiſe de- 
oompoſed by dephlogiſticated nitrous 
acid, which by this means becomes 
phlogiſticated. It is alſo decompoſed 
by a ſolution of green vitriol, which by 
this means becomes black, and when 
; expoſed fo the air, or heated, emits 
: nitrous. air, and recovers its former co- 
Lor: Theſe decompoſitions of nitrous 
| V - 
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air Sens to be effected by depriving it 
of phlogiſton, and thereby reducing it 

to the Phlogiſticated « air sine con- 
tained in it. 


This kind of air is diminiſhed to 
about one fourth of its bulk by a mix- 
ture of iron filings and brimſtone, or 
by heating iron in it, or calcining other 
metals in it, when the remainder is 
phlogiſticated air. All that iron gets in 
this proceſs is an addition of weight, 
which appears to be water, but it loſes 
its phlogiſton, ſo that nitrous air ſeems 
to contain more phlogiſton, and leſs 
water than phlogiſticated air, 


ER e eee nene 


Nitrous air and dephlogiſticated air 
will act upon one another through a 
bladder, but in this caſe there remains 
about one fourth of the bulk of nitrous 
air, and that is phlogiſticated air; ſo 
that in this caſe there ſeems to be a 
converſion of nitrous air into phlogiſti- 
cated air without any addition of Pho - 
giſton. | 


8 805 Nitrous 


. * * 
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Nitrous air is decompoſed by pyro- 


| phorus, and by agitation in olive oil, 
which becomes coagulated by the pro- 


ceſs. It is alſo abſorbed by ſpirit of | 
turpentine, 'by ether, by ſpirit of wine, 


and alkaline 8 3 


«Tels imbibed by charcoal, and both 
that air which is afterwards expelled 


from it by heat, and that which re- 
mains unabſorbed, is phlogiſticated. * 


Nitrous air reſiſts putre faction, but is 


diminiſhed by the animal ſubſtances ex- 
poſed to it to about a fourth of its bulk, 
and becomes phlogiſticated air. It is 
likewiſe fatal -to Plants, and particularly 
to inſets. 

When nitrous air 4s long expoſed to 
iron, it is diminiſhed ahd brought 1 into 


a ſtate in which a candle will burn in it, 


though no animal can breathe it. But 
this peculiar modification of nitrous air, 

called dephlogiſticated nitrous air, is pro- 
duced with the greateſt certainty by diſ- 


1 iron in ſpirit of nitre ſaturated 


| 7G. With 
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with copper, impregnating wa 
this air, and then expelling it 


water by heat. If bits of earther © 
bi heated in this deplogſicad wi nitrous. | 
MR: ©} great proportion of it b . 
permanent air, not miſcible with water, 
and nearly as pure as common air, ſo 
| that the principle of beat ſeems to be 


a 


= 1 
1 antin to conſtitute it ermanent air, 
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LECTURE vn. 
0 Fine Air. ; i 7 


H a the properties of 

- thoſe kinds of air which are not readily 
abſorbed by water, and therefore may 

L be confined by it, 1 proceed to thoſe 
which are abſorbed by it, and which re- 

|  quire to be confined by mercury. There 

are two kinds, however, in a middle 

ſtate between theſe, being abſorbed by 
water, but not very readily; a conſi- 
derable time, or agitation, being neceſ- 

fary for that purpoſe. The firſt of 
„%%% wen 


This kind of air is - obtained in the 5 
pureſt ſtate by diſſolving marble, lime- 
ſtone, and other kinds of mild calca- 

reous earth in any acid. It is alſo ob- 

tained by the burning, or the putrefac- 
tion, of both animal and vegetable ſub- 
ſtances, but with a mixture. of both 

a W and inflammable air. 

8 -c 3 Eixed 
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Fixed air is alſo produced by heating 
together iron filings and red. precipitate; 
the former of which would alone yield 
infammable air, and. the. latter dephlo- 


giſticated. Fixed air is therefore a com- 
bination of theſe two kinds of air. 2 


ae fact hi proves the — 
thing is, that if charcoal of copper be 
heated in dephlogiſticated air, almoſt 
the whole of it will be converted into 
fixed air. On the fame principle fixed 
Air is produced when iron, and other 

mflammable ſubſtances, are burned in 
dephlogiſticated air, and alſo when mi- 
nium, and other ſubſtances containing 
dephlogiſticated air, are heated in in- 
flammable air. 


That water is an | tial part of | 
fixed air is proved by an experiment 
upon terra ponderoſa aerata, which 
Yields fixed air when it is diffolved in 
an acid, but not by mere heat. If 
ſteam, however, be admitted to it in 
that Nate, it will yield as much fixed 


air as when it is diſſolved in an acid. 
| N 
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Water abſorbs ſomething more than 

its own bulk of fixed air, and then be- 
comes a proper acid, Iron diſſolved in 
this water makes it a proper chalybeate; 
as without iron it is of the fame nature 
with Pyrmont or Seltzer water, which 
by this means may be made . 


* Ice will not imbibe 1 als; wid 
W freezing expels it from water. 


Fixe d air 1 flame, and is 
aul to animals breathing in it. Alſo 
water impregnated with this air is fatal 
to fiſhes, and highly injurious to plants. 
But water thus impregnated will prevent, 
in a great meaſure, the putrefaction of 
animal ſubſtances, 


Fixed air thrown into the inteſtines, 
by way of glyſter, has been found to 
give relief in ſome caſes of putrid diſ- 

eaſe. IP 


water, but not inſtantly, is termed he- 
Patic air, being produced by the ſolu- 


— Y LE c TUAES on 
Of Hepatic Air. 


ff 


| AvoTHER 8 of air abſorbed by 


tion of liver of ſulphur, or of 2 
ated i iron, in vitriolic or marine acid. 


Water imbibes about wekee its bulk 


of this kind of air, and it is then the 


fame thing with he EE Waters 
brane 


of Pop boric Air. 


N air is x priced Uhy . 
A0 of phoſphorus in eauſtic fixed 
alkali. If this air be confined by mer- 
cury, it will take fire on being admitted 


to atmoſpheric, and much more to deph- 


logiſticated air. After agitation in water 


It loſe this property, and the reſiduum 
"s 18 
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is merely inflammable air, with no great 


diminution of. its bulk. 


This kind of 


air, therefore, probably conſiſts of phoſ- 
phorus diſſolved in inflammable air; 
though it cannot be made by ey it 


| in inflammable Ah. | 
2 ; 
ts 


. LEG 


DURE 


\ 6 


LECTURE. VII. 


of Dephlogiſticated Marine Acid Air. 


1 wack & air is Cd by 
heating ſpirit of ſalt with manganeſe ; 
or more readily, by pouring acid of 
vitriol on a mixture of falt and manga- 
. neſe, in the proportion of about 16 of 
the former to 6 of the latter. In this 
caſe the acid' of vitriol decompoſes the 
falt, and the marine acid, diſengaped 
in the form of air, takes dephlogiſti- 
cated air from the maganeſe; ſo that 
this ſpecies of air ſeems to conſiſt of 
marine acid . and de * 


air. 


This ſpecies of air has a peculiarly 
| pungent ſmell, and is abſorbed by water 
as Is readily as fixed air. 


Tha 
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The water takes about twice its bulk 
of it; and thereby acquires a yellowiſh 
| tinge. Both this air, and the water im- 


pregnated with it, diſcharges vegetable 
colours from linen or cotton, and is 


thereby uſeful | in bleaching. 


This air r when cold coagulates into a 

yellowiſh ſubſtance; It diſſolves mer- 
cury, and with it forms corroſive ſubli- 
mate, 


; Of Pblagiſticated Marine Acid Air. 


Bxsroks the preceding kinds of air 

which are flowly abſorbed by water, 
there are others which are abſorbed 
by it very rapidly, fo that they cannot 
be confined but by mercury. 


Of this kind is phlogiflicated marine 
acid air, procured by the acid of vitriol 
and common falt; the former ſeizing 
| _ the alkaline baſis of the latter, 


and - 
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and thereby expelling the marine * 
in the form of air. a 


It is called phlogiſticated to , ditinguith | . 
it from depblogiſticated marine acid air, 
which ſeems to be the ſame thing, with 

the addition of N 1 


Phlogiſtiested x marine 8 air is * 
vier than common air. It extinguiſhes 
a candle with a blue flame. It diſſolves 
many ſubſtances containing phlogiſton, 
as iron, dry fleſh, &c. and thereby 

forms a little inflammable air. Water 
abſorbs 360 times its bulk of this air, 
| and is then the ſtrongeſt ſpirit of ſalt. 
It abſorbs one-ſixth more than its bulk 
of alkaline air, and with it forms the 
common ſal ammoniac. Its affinity to 
water enables it to diſſolve ice, and to 
deprive borax, nitre, and other ſaline 
| ſubſtances, of the water that enters into 


their compoliton. 


LECTURE 


. eee 1 
LE 0 T UR E IX. 


07 Pitriolic A tir, 


8 capitis heat · 
ing in hot acid of vitriol almoſt any ſub- 
ſtance containing phlogiſton, eſpecially 
the metals which are ſoluble in that acid, 
as copper, mercury, &c. This kind of 
air is heauier than common air, and ex- 
tinguiſhes a candle, but without any par- 
ticular colour of its flame. It will not 
diſlodge the nitrous or marine acids from 
any ſubſtance. n them. 5 


By its _— to water it deprives k 
borax of it. | ; 


| 1 meakure of this air faturates two 
of alkaline air, and with i it _ the vis 
triolic ammoniac. 


Water indiden between ; 30 and 40 
times its bulk of this air, and retains 
it when frozen. Water thus impreg- 
nated diſſolves fome metals, and thereby 
yields inflammable air, 


os 
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If this water be confined in a glaſs 


tube, together with common air, and 


be expoſed to a long continued heat, it 
forms real ſulphur, the dephlogiſticated 
part of the common air being imbibed, 


and forming real vitriolic acid, which 
uniting with the phlogiſton in the air, 


forms the ſulphur. Alſo this air mixed 
with atmoſpheric air will, without heat, 
imbibe ſome part of it, and thereby be- 
come the common acid of vitriol; ſo 
that water impregnated with vitriolic acid 
air, commonly called /ulpbureous, or 
phlogiſticated acid of vitriol, wants de- 
phlogiſticated air to make it the common 
acid of vitriol. 


This kind of air is imbibed by oils, 
which thereby change their colour; 
whale oil becoming red, olive oil of an 
orange colour, and ſpirit of 5 
of the colour of amber. | 


IF f this air be confuſed in a glaſs tube 
by mercury, and the electric ſpark be 
taken in it, a black tinge will be given 
to the glaſs contiguous to the {j — and 

| cis 


chis black ſubſtance appears to be mer- 
cury ſuper-phlogiſticated ; fince by ex- 
m— to air it becomes running mer- 
ury: ſo that the vapour of mercury 
muſt be diffuſed through every part of 
this air, to the diſtance of at leaſt ſeveral 
feet from the ſurface of the meremr, 


N Of Flur Acid Air, 
Fr vox acid air is procured by diſ- 
ſolving the earthy ſubſtance called ” 
in vitriolic acids 


This kind of air extinguiſhes a candle; 
and, like vitriolic acid air, one meaſure 
of it ſaturates two of alkaline air. It 
1s peculiar to this kind of air to 2 

g when 1 it 1s hot. 


It ſeems to conſiſt of a 1 acid 
vapour united to the ſtony ſubſtance of 

the fluor ; for water being admitted to 

it abſorbs the acid vapour, and the ftony 
ſubſtance is depoſited. By this means 
it exhibits an — appearance, whe- 
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LECTURE 5 


0. ae, A; 


Fn” * is „ by meas 
of heat from cauſtic volatile alkali, and 
alſo from a mixture of fal-ammoniac and 


ſlaked lime, in the proportion of about 


one-fourth of the former to three-fourths 


of the Meet, In this. caſe the marine 
| fal. mac unites win the 

calcareous $1: and the volatile alkalĩ 
(probably with che aſſiſtance IG | 


_ * 


nme x 
3 


This ſpecies of air is enen den i 
flammable air, but lighter than any of 


the acid ais. Like them, however, it 
diſſolves ice, and deprives alum, and 
ſome other ſaline ſubſtances, of the water 


which they contain. United with fixed 
air, it makes the concrete volatile alkali z 
with marine acid air, the common fal- 
ammoniac; and wich water, the cn 
un alkali. 5 


Us 
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42 120 1 v 1 2 33 0 
Thhe electric park, or a red heat, con- 


verts alkaline air into three times its 
bulk of ioflammable air; and the calces 


of metals are revived in alkaline, as well 
as in inflampahlc 

about one-ft ch of its bulk of phlogiſ- 
ticated air. Theſe facts ſhew that alka- 
Une air conſiſts N of e el 


* 


A elan Fa 0!/ervations relating to Air, 


"Tut nitrous abi ME Th 
the form of air, as well as the vitrio- 


lic, the marine, and the fluor acids. But 


it cannot be confined even by mercury 


which it inſtantly diſſolves. It may, 
however, in ſome meaſure, be confined 


in a dry glaſs veſſel, from which it will 


in a great meaſure expel the common 
air. This nitrous acid air is that red 


vapour, which is produced by the rapid 


ſolution of biſmuth, and ſome other me- 


. tals in the nitrous acid. But the veget- 
able acid cannot be exhibited in the form 


of air. It is only capable of being con- 


verted into vapour, like water: and in 
+ | = the 


1 
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| ith common temperature of our atmoſ- 
e returns to a ſtate of "Gy 


| Different kinds af '2 air which _— no 

. affinity to each other, when once mixed 
together will not ſeparate, notwithſtand- 
ing any difference of ſpecific gravity. . 
Such is the caſe of a mixture of in- 
flammable and dephlogiſticated air, and 
even of inflammable and fixed air. 
Without this property alſo, the phlo- 
_ gitticated air, which conftitutes the 
greateſt part of our atmoſphere, being 
ſpecifically lighter than dephlogiſticated 
air, of which the other part of it con- 
ſiſts, would ſeparate from it, and aſcend - | 
into the higher regions of the atmoſ- 
phere. Inflammable air, however, will 
not mix with acid or alkaline air, 


Different 0 of air are - a 
differently by the ſame degrees of heat; 

deplogiſticated air the leaſt, and alkaling 
| air the moſt, 


1 —— ſpirit of wineg 
or even mercury, be heated in a porous 
| cartherd 


che one, it likewiſe ceaſes _ reſpect 
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"Ru -confidered-all/che! ſubſtances: ” 
that are uſually fouad in the form of air, 
come to thoſe that are generally in a 
futd form, beginning with water, which 

is the principal, if not the only. cauſe 

of fluidity to all the other ſubſtances that 

I ſhall ny in/ ieee 


Feel N 26, evhh 0 
parent, without colour, taſte, or ſmell; / 
and with diffcrens degrees of heatand _ 
of a ſolid, of a fluid, and of air. — 
320. of Fahrenheit it is ice, and above 


23.27 mene fo that in an atmoſ | 
egg below 2 i never could bare 4 
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Vvacuo, or on the top of a high moun- 
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e 8 to be any thing elle chan 8 
peculiar kind of ſtone, and above 2124 
a peculiar oops of it 5 5-7 


oo paſſing from PE: ſtate of a ſolid to 

that of a liquid, water abſorbs a great 
quantity of the principle, or matter, of 
Beat, which remains in it in a*/atent ſtate ; 
and in paſſing from a ſtate of fluid to 
that of vapour, it abſorbs much more; 
and this heat is found when the proceſſes . 
are reverſed. It has been obſerved, that 
when water becomes vapour, it takes 
the form of ſmall ' globules; - hollow” 
within, ſo as to be ee _ 
than air, 5 


'T he FOR of heat at which water i „ 
converted into vapour depends upon the 
preſſure of the atmoſphere; ſo that in 


tain, it boils with little heat; and when 
compreſſed, as in Papin's digeſter, or 
in the bottom of a deep pit, it requires 
much heat. In the former caſe the re- 
ſtoring of the preſſure will inſtantly put 
a ſtop to the boiling, and in the lat- 

FER. : | ter 


„ _” ey” 2 1 


N JW 


| EXPERIMENTS PHILOSOPHY. i : 


ter caſe. the removing of the preſſure 
wil inſtantly convert the F water 
into e . 525 1207, ern ne SA 
The eaſe with which water is convert- 
ed into vapour by heat, has given a 
great power to mechanicians, either by 
employing the natural preſſure. of the 
atmoſphere, when ſteam is condenſed 
under a moveable piſtern, in an iron 
cylinder, which was the principle of the. 
old fire-engine, or by employing the 
elaſtic power of ſteam to produce the 
ſame effect, which is the principle of 
Mr. Watt 8 uw engine. | 
Water was long chought to et incom- 
preſſible by any external force, but Mr. 
Canton has ſhewn that even the preſſure 
of the atmoſphere will condenſe it very 
ſenſibly. 


We do not know any external force 
equal to that by which water is expand- 
ed when it is converted into ice, or into 
vapour. For though the particles of 
water approach nearer by cold, yet 
| When it cryſtallizes, the particles ar- 

. ie 
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| at ner rites; 
with interſtices between them; ſo that, 
on the whole, it takes up more room 
* belore. 


| Water has an affinity- to, and com · 
bines with, almoſt all natural ſubſtances, 
aerial, fluid or ſolid; but moſt inti- 
mately with acids, alkalies, calcareous 
earth, and that calx of iron which is 
called fnery cinder, from which the 
__ heat will not expel . 


* 


It has been n Happel by ſome, that 
by frequent diſtillation, and alſo by agi- 
tation, water may be converted into a 
kind of earth; but this does not appear 
to be the cafe. It has alſo of late been 
thought,” that water- is reſolyable into 
dephlogiſticated and inflammable air; 
but the experiments which have been 
alledged to prove this do not ſatisfy me; 
ſo that, for any thing that appeared till 
very lately, water might be conſidered 
as a ſimple element. By means of heat 
however, it ſeems to be reſolvable into 
. air as that of which the atmoſphere 

| confifts, 
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conſiſts, viz. dephlogiſticated and phlo- 
giſticated, only with a greater proportion 
of the former, 


Water with reſpe& to ſpecific gravity 
and temperature, has generally been 
made the ſtandard to all other ſubſtances; 
its freezing and boiling points being the 
limits by means of which thermometers - 
are graduated. Other ſubſtances have' 
alſo been compared with water, as a 
ſtandard, with reſpect to the capacity of 
| receiving heat, and retaining it in a latent 

ſtate, as will be ſhewn when we conſider 
the gon of heat. 


D 


LECTURE | 


50 LECT URES ON 
LECTURE: XIE 
"Of the . Nitrous Acid. 


U xozr the head of liquids I ſhall con- 
ſider acids and alxalis, though ſome of 
them may be exhibited in the form of 
air, and others in a ſolid form. Theſe 
two chemical principles are formed to 
unite with one another, and then they 
conſtitute what is called a neutral ſalt. 


Both acids and alkalis are diſtinguiſh- 
able by their taſte. Another teſt, and 
more accurate, is, that acids change 
the blue juices of vegetables red, and 
alkäalis turn the ſyrup 88 green. 


Acids are generally diſtinguiſhed ac- 
cording to the three kingdoms to which 
they belong, viz. mineral, vegetable, 
and animal, The mineral acids are 
three, the nitrous, the vitriolic, and the 


marine. 0 
Is 
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The nitrous acid is formed by the 
union of the pureſt inflammable air, or the 
pureſt nitrous air, with dephlogiſticated 
air. But it is uſually procured from 
nitre by means of the vitriolic acid, 
which, ſeizing its baſe, expels the nitrous 
acid in a liquid form. On this account 
this acid is ſaid to be weaker than the 
yitriolic. PENS 


= the nitrous acid by made to paſs 
through a red-hot earthen tube, it will 
be decompoſed, and the greateſt part of 
it be converted into dephlogiſticated air. 


Like all other acids, the nitrous acid 
has a ſtrong affinity to water ; but it is 
not capable of ſo much concentration as 
| the vitriolic. It is generally of an orange 
er yellow colour; but heat will expel 
this colour in the form of a red vapour, 
which is the ſame acid in the form of 
air, and loaded with phlogiſton; and 
therefore when it is colourleſs it is ſaid to 
be dephlogifticated. Bur the colourleſs 
vapour expoſed to heat, or to light, will 
become coloured again; and the liquid 

„ VF 
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acid imbibing this coloured vapour, be- 
comes coloured as before. This acid 
tinges the ſkin of a yellow colour, which 


does not diſappear till the epidermis be 
_. charged. 


The nitrous acid unites with phlogif. 
ton, alkalis, metallic ſubſtances, . And 


9 calcareous earth. 


- 


By wa of its affinity with phlogiſ 
: ton it occaſions that rapid accenſion call. 
ed detonation, when any ſalt containing 
this acid, eſpecially nitre, is applied to 
hot charcoal, or when charcoal is put 
to hot nitre. In fact the charcoal burns 
ſo rapidly by means of the dephlogiſti 
6 raved, air ſupplied by the nitre. 2 


i 1 


— 


A mixture of ſulphur aſſiſts the ac- 
cenſion of theſe ſubſtances, and makes 
gunpowder, in the exploſion of which 
much nitrous or phlogiſticated air is ſud- 
denly produced, and expanded by the 
heat. The application of this force, | 
both to uſeful and deſtructive purpoſes, (| © 
is well known, If, inſtead of — 


. =p 
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falt made with dephlogiſticated marine 
acid be made uſe of, the exploſion is 
more eaſily produced, and is much more 
violent. Friction will do this as well as 


heat. 


Nitre alſo enters into the compoſition i . 


of pulvis fulminans, viz, three parts ni- 
tre, two of dry alkali, and one of ſul- 


phur. This compoſition melts, and 


1 a blue flame, before it e IF 


Breen the Ante of che nitrous 


acid to oil, another ſubſtance containing 


phlogiſton, it is capable of producing 


not only a great heat, but even a ſudden 
flame, eſpecially when mixed with a 
| little vitriolic acid. 


Nitrous acid diſſolves all at ſub⸗ 


ſtances except gold and platina, and in 
the ſolution nitrous air is produced. 


The particular kinds of ſaline ſubſtan- 
ces formed by the union of the nitrous 


acid with the ſeveral metals and earths 
may be ſeen in tables conſtructed for the 


* They are all deliqueſcent. 
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Of the Fitriolic Acid. 


Ta vitriolic acid, fo called becauſe 
it was originally procured from vitrio!, 
is now generally. procured from ſulphur; 
the dephlogiſticated part of the air uni- 
ting with it in the act of burning. 


That dephlogiſticated air is eſſential 
to this acid 1s evident from the decom- 
Poſition of it; for if the vapour of it 
be made to paſs through a red-hot 
earthen tube, a great quantity of de- 
phlogiſticated air is produced. 

This acid has a ſtrong affinity to 
water, with which it unites with much 
heat; and it is capable of greater con- 
centration, or of being made ſpecifically 
heavier, than any other acid. When 


pure, it is entirely free from colour and 
5 ſmell 


_ 


— . 
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ſmell, owing, probably, to its being 
free from- phlogiſton, which is inſepar- 
able from the nitrous or marine acids. 


The vitriolic acid will diſodge the 
nitrous, or marine, or any other acid, 
from their earthy or metallic baſes: from 


which property it is called the ſtrongelt 
of all che acids. 


je means of the . . of 
1 vitriolic acids to earths, and eſpeci- 
ally to terra ponderoſa, the ſmalleſt 
quantity of it in water may be diſcovered 
by a ſolution of this earth in the marine 
acid. In this acid the terra ponderoſa 
is held in perfect ſolution ; but with the 
vitriolic acid it forms a ſubſtance that is 
inſoluble in water, and therefore it in- 
ſtantly appears in the form of a white 
cloud. 


Perhaps chiefly from the ſtrong affi- 
_ nity which this acid has with water, 
pyrophorus, conſiſting of a mixture of 
alum and ſeveral ſubſtances . containing 

ane takes fire ſpontaneouſly on 
4 D 4 _ + - expolure 
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expoſure to the air. It is commonly 
made of three parts of alum and one of 
brown ſugar, or of two parts alum, 
one of ſalt of tartar, and one of char- 
coal. They muſt be heated till they 
have for ſome time emitted a vapour 
that burns with a blue flame, 


The faline ſubſtances produced by the 
union of this acid with the ſeveral earths 
and metals, are beſt exhibited in tables 
conſtructed for the purpoſe, When uni- 
ted to three of the metals, viz. iron, 
copper, and zinc, they are called v1itriols, 
green, blue, and white. And all the 
| ſubſtances which this acid unites with 


cryſtallize, and do not deliqueſce. 


T his acid unites ck BY and the mix- 
ture is TON back. 


— 


When any ſubſtance enabled 5 
" ive is heated in the vitriolic acid, 
another ſpecies of the acid, called /ut- 
pbureous, is formed of a pungent ſmell, 
In reality, it is water impregnated with 
vitriolic acid air, It makes, however, 
a diſtinct 
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a diſtin ſpecies of acid, and is diſlodged 
from its baſe EY moſt of the others. 5 


| Of the - Marine Acid. 


Taz marine acid is procured from 
common falt by the vitriolic acid, which 
unites with its baſe, the foſſil alkali. 


This acid is generally of a ſtraw-co- 
lour ; but this is owing to an impregna- 
tion with ſome earthy matter, molt of 
which it readily diſſolves, eſpecially the 
metallic ones. It is leſs capable of con- 
centration than the vitriolic or nitrous 
acids, perhaps from a more intimate 
union of phlogiſton wich it. No heat 
can extract from it any dephlogiſticated 
air. . . 
Though this is denominated a weaker 
acid than the nitrous, yet it will take 
ſilver, lead, or mercury, from their 
union with the. nitrous acid. Upon this 
principle, a ſolution of theſe metals in 
the nitrous acid will readily diſcover 


Whether any water contains the marine 
D 5 . 


3 4 
. * 
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acid, the latter uniting with the metal 


diflolved in the former, and forming 
with it, if it be ſilver, a luna cornea; 
which being a ſubſtance inſoluble in 


5; water, diſcovers itſelf by a PRO ap- 
. pearance. 


The union of the marine acid 6 with 
earths. forms falts that eaſily deliqueſce, 


but with the metals ſuch as are capable 


of cryſtallization; and fo alſo is that 


formed by the union of this acid to terra 


ann, 


Neither this acid nor the nitrous will 
diſſolve gold or platina; but a mixture 
of them, called agua regia, will do it. 


The marine acid has a ſtrong affinity 
to dephlogiſticated air, and will take it 
from manganeſe and other ſubſtances; 
and with this union it becomes a differ- 
ent acid, called dephlogiſticated marine 
acid, being water impregnated with de- 
Phlogiſticated r marine acid air, e 
above. 


Lon 
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of the V. ads Aci ids, and aches ” a leſs 
| . nature. N 


Ems principal of the vegetable acids 
are the acetous and the tartareous. The 
acetous acid is the produce of a peculiar 
fermentation of vegetable ſubſtances, 
ſucceeding the vinous, in which ardent 
ſpirit ĩt is procured, and ſucceeded by the 
putrefactive, in winch. Wren alkall is. 
generated. 15 


Thus wine is converted into vinegar. 
Crude vinegar, however, contains ſome 
ingredient from the vegetable ſubſtances 
from which it was procured: but diſ- 
tillation ſeparates them, and makes the 
vinegar colourleſs; though ſome of the 
acid i is loſt in the proceſs. PE 


: 3 1 


The a acetous acid is concentrated by 
froſt, which does not affect the proper 
acid, but only the water with which it 
is united. It may likewiſe be concen- 
trated by being firſt combined with alka- 


lis, earths, or metals, and then diflodg- 


ed by a ſtronger acid, or by mere heat. 
Thus the acetous acid, combined with 
vegetable alkali, forms a ſubſtance that 
is called the foliated earth of tartar ; and 
it may be expelled from it by the vitriolic 
acid. When combined with copper it 
makes verdigris; and from this union 
heat alone will expel it in a concontrated 
ſtate. The acetous acid thus concentra- 
ted is called radical vinegar. Still, 
however, it is weaker than any of the 


preceding mineral acids. 


Several vegetables, as lemons, ſorrel, 


and unripe fruit, contain acids, ready 


formed by nature, mixed with ſome of 
the eſſential oil of the plants, which gives 
them their peculiar flavours. All theſe 
acids have peculiar properties ; but it is 
not neceſſary to note them in this very 


general view of the ſubject, Like 
vinegar, 
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vinegat, theſe acids may be concen- 
trated by froſt, and alſo by a combina- 
tion with other ſubſtances, and then ex- 
P by « Rronger” an = 


The acid of tartar is very ſimilar to 
that of vinegar. Tartar, from which 
it is procured, is a ſubſtance depoſited 
on the inſide of wine-caſks, though it 
is alfo found ready formed in ſeveral ve- 


getables. It conſiſts of the vegetable | 


kali and this peculiar acid. When 
refined from its impurities, it is called 
cryſtals, or cream of tartar. The acid 
is procured by mixing the tartar with 
chalk, or lime, which imbibes the ſu- 
perfluous acid, and this is expelled by 
the acid of vitriol. Or it may be pro- 
cured by boiling the tartar with five or 
ſix times its weight of water, and then 
putting the acid of vitriol to it. This 
unites with the vegetable alkali, and 
forms vitriolated tartar; and the pure 
acid of tartar may be procured in cryſ- 
tals, by evaporation and filtration, equal 
in n weight to half the cream of tartar. 

This 
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This acid of tartar is more ſoluble in 
water than the cream of tartar. 


This acl. unde to the mineral al- 
kali, makes nn Ns: 


8 kind of wood, when diſtilled, 
or burned, yields a peculiar acid; and 
it is the vapour of this acid that is fo 
offenſive. to the eyes in the ſmoke of 
8 e 


A peculiar acid is obtained from moſt 
vegetable ſubſtances, eſpecially the fari« 
naceous ones, and from ſugar, by diſ- 
tillation with the nitrous acid. This 
ſeizes upon the ſubſtance with which 
the acid was united, and' efpecially the 
phlogiſton adhering to it, and then the 

peculiar acid of ſugar cryſtallizes. Thus 
with three parts of ſugar, and thirty of 
nitrous acid, one part of the proper 
acid of ſugar may be obtained. By the 
ſame proceſs an acid may be procured 
from camphor. 


The 
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The bark of oak, and ſome other ve- 
getable ſubſtances, eſpecially nut-galls, 

contain a ſubſtance which has obtained 
the name of the aftringent principle; the 
peculiar property of which is, that it 
precipitates ſolutions of iron in the form 

pl a black powder, and in this manner 
ink is made. But by ſolution in water 
and evaporation, cryſtals, which are a 
proper acid of gails, may be obtained, 


Amber is a hard ſemitranſparent ſub- 
| ſtance, chiefly found in Pruſſia, either 
dug out of the earth, or thrown up by 
the ſea. It is chiefly remarkable for its 
electrical property; but by diſtillation 
in cloſe veſſels there ſublimes from it a 
concreted acid, ſoluble in 24 times its 
weight of cold water. Amber ſeems 
to be of vegetable origin, and to con- 
ſiſt of an oil united to this peculiar acid. 
The acids II ſhall mention next are of 
a mineral origin; but being of a leſs 


perfe& nature as acids, I _ only juſt 
note them here, 


28 


Boran 
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Borax is a ſubſtance chiefly found in 


a cryſtallized ſtate in ſome lakes in the 
, Eaſt Indies. It conſiſts of the mineral 


alkalt and a peculiar acid, which may 
be ſeparated, and exhibited in white 


flakes, by putting acid of vitriol to a 


ſolution of it in water. This acid has 
been called /edative ſalt, from its ſup- 
poſed uſes in medicine. It is an acid 
that requires fifty times its weight of 1 


water to diſſolve it. 


e other * n as 
arſenic, molybdena, tungſten, and wol- 


fram, in conſequence of being treated 


as the preceding vegetable ones, have 
been lately found to yield peculiar 
acids. They are alſo produced in a 
concrete ſtate, and require a confidera- 
ble proportion of water to make them 
liquid ; but as the water in which they 


are diſſolved turns the juice of litmus 


red, and as they alfo unite with alkalis, 
they have all the —— 3 | 
of acids, | 
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L. ECT URE XV. 


Of the Phoſphoric Acid. © 


en — — 


3 2 moſt important acid of animal 

origin, though it has lately been found 
in ſome mineral NG is the phaſe 
ors + e- | 


8 Phoſphorus itſelf is a remarkable ſub- 
ſtance, much reſembling - ſulphur, but 
much more inflammable.. It ha- been 

procured chiefly, till of late, from 
urine, but now more generally from 
bones, by means of the vitriolic acid, 
which. unites with the calcareous earth 
of which bones conſiſt, and ſets at li- 
berty the phoſphoric acid, or the baſe 
of that acid, with which it was naturally 
combined. The acid thus procured, 
mixed with charcoal, and expoſed to a 
ſtrong heat, makes phoſphorus. 


Thi, 
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This ſubſtance burns with a lambent 


flame in the common temperature of 


our atmoſphere, but with a ſtrong and 


vivid flame if it be expoſed to the open 


air when moderately warm. In burn- 


ing it unites with the _dephlogiſticated 


air of the atmoſphere, and in this man- 
ner the pureſt ere acid is 941 


| Guoed. 


This acid is 5 procured in great 
purity by means of the nitrous or vitri- 
olic acids, eſpecially the former, which 
readily combines with the phlogiſton of 
the phoſphorus, and thus leaves the 


acid pure. In this proceſs eee, 
ed: air is ee 


This acid i is Naa Geh and 


| OY expoſed to heat loſes all its water, 


and becomes a glaſſy ſubſtance, not li- 
able to be diſſipated be fire, and wy 


5 uniting with earths. 


Hitec to the mineral alkali, it forms 


a neutral ſalt, lately introduced into me- 


dicine. United to the mineral and yegeta- 


1 ble 


„ 
ble alkalis naturally contained i in urine, 
it has obtained the name of microcoſmic 
alt, frequently uſed as a flux for mine- 
ral ſubſtances with a blow-pipe. ; 

: n 

"Beſides: che phoſphoric;. there are 
other acids of an animal origin; as that 
of milk, that of ſugar of milk, that of 
the animal calculas, and that . 


The ala of milk is the 21 whey 

contained in butter-milk, which, by a 
tedious chemical proceſs, may be ob- 
tained pure from any foreign ſubſtance. 


The ſugar of milk is procured by 
evaporating the whey to dryneſs, then 
diſſolving it in water, clarifying it with 
the whites of eggs, and evaporating it 
to the conſiſtence of honey. In this 
ſtate white cryſtals of the acid of fogar 

of milk will be obtained. | 


„ By diſtilling theſe cryſtals with ni- 
trous acid, other cryſtals of the proper 
acid of ſugar of milk will be obtained, 

ſimilar to thoſe of the acid of ſugar. 
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If the human calculus be diftilled, it 


yields a volatile alkali, and fomething . 


ſublimes from it which has a ſouriſh-- 
taſte, and therefore called the acid of 
the calculus. It is probably ſome modi- 
heation of the e vas: acid. . 


Animal fat yields an acid by diſtilla- 


tion, or by firft combining it with quick- 


lime, and then ſeparating it by the vi- 
triolic acid. Siliceous earth! 1s corroded 
by this acid. 


| 8 PHILOSOPHY, 69 


LECTURE 3 


of Ake. 


A ur claſs of ſubſtances that ſeems 
particularly formed by nature to unite 
with acids, and thereby form neutra! ſalts, 
are the alkalis, They have all a peculi- 

ar acrid taſte, not eaſily defined. They 
change the blue juices of vegetables 
green, or purple, and in common with 

acids have an affinity with water, ſo as 

to be capable of being exhibited in a li- 
quid form ; though when this water is 
expelled by heat, ſome of them will af- 
ſume a ſolid form. 


Alba are of two kinds; the ied, 
which have no ſmell, and the n | 
which have a pungent one. 298 


The fixed alkalis are, of vegetable or 
mineral origin. When in a ſolid form, 
they both melt with a moderate heat, 
and uniting with earthy ſubſtances, make 
glaſs. With an intenſe heat they are 

Weinen 


Ve; getable 
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Vegetable alkali is procured by burn- 
ing plants, and lixiviating the aſhes; a 
purer kind by the burning of tartar, 
hence called ,/alt of tartar ; but the 
pureſt of all is got by the deflagra- 
tion of nitre ; the charcoal uniting with 
the acid as it aſſumes the form of de- 
phlogiſticated air, and the alkali be- 
ing left behind. 


Mineral alkali is found in aſhes of 
ſea-weed. It is likewiſe the baſis of 
ſea-falt; from which it is ſeparated by 
ſeveral proceſſes, but eſpecially by the 
calx of lead, which has a ſtronger affi- 
nity with the marine acid with which it 
is found CONNER _ 


Alkalis united with fixed air are faid 
to be mild, and when deprived of it 
cauſtic, from their readienſs to unite 
with, and thereby corrode, vegetable 
and animal ſubſtances. To render them 
cauſtic, they are deprived of their fixed 

air by quick-lime; and in this ſtate 
they unite with oils, and make /oap. 


Alkalis 


Py f 
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Alkalis have a fronper affinity with. 


acids than metals have with them; ſo 
chat they will precipitate them from their a 


ſolutions in acid menſtunm. 


— 


— 


The ee fixed alkali has a 


ſtrong, attraction to water, with which 


it will become ſaturated in the com- 
mon ſtate of our atmoſphere, when it 


is ſaid to deligueſce; and having the 


appearance of oil, the ſalt of tartar is 
thus ſaid to become oi of tartar per 
deliquium. On the other hand, the 


mineral and foſſil alkali, is apt to loſe 
its water in a dry atmoſphere, and 

then it is faid to Moreſce. In this 
3 ſtate it is rs found on old walls. 


* . 


Volatile alkali is pr ocur M by bur ning 


animal ' ſubſtances; in Egypt (from | 


whence, as contained in /al ammoniac, 
we till of late imported it) from ca- 
mel's dung; but now from bones, by 
diſtillation, To the liquor thus pro- 
cured they add vitriolic acid, or ſub- 
ſtances which contain it. This acid 
unites with the alkali, and common 


ſalt 
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falt being put to it, a double affinity 5 


takes place. The vitriolic acid uniting 
with the mineral alkali of the ſalt, 
makes Glauber ſalt, and the marine acid 
uniting with the volatile alkali, makes 


ſal ammoniac. Slaked lime added to 
this, unites with the marine acid of 


the ammoniac, and ſets looſe the vo- 
 latile alkali in the form of alkaline air, 
which combining with water, makes 
the liquid cauſtic volatile alkali. If 
chalk (containing calcareous earth united 
with fixed air) be mixed with the fal 
ammoniac, heat will make the calca- 


trecous earth unite with the marine acid, 


while the fixed air of the chalk will 
unite with the volatile alkali, and aſ- 
ſume a ſolid form, being the * - 
latile of the SONS, | 


LECTURE XVI. 


Of Liquid Dflannabl Subſtances, | 


is con nfiderably lighter than water, co- 


ebriating. 1 . 


peculiar combination of phlogiſton and 


any reſiduum; and in the act of burn- 


| ee air as to make fixed ai 


= 
Y 
o 
[| 
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; (OX quid noble ſubſtances the 
principal is /pirit of wine, ſometimes 
called ardent ſpirit, and, when highly. 
rectified, alcohol. It is obtained from 
vegetable ſubſtances by their going 
through the vinous fermentation. It 


| lourlefs, and tranſparent, has a peculiar 
ſmell and taſte, and the property of in- 


Ardent ſole ſeems to conſiſt of a 


water ; for when the vapour of it is. 
made to paſs through a red-hot, \earthen 
tube, it is reſolved into water and inflam-, 
mable air. It is highly  inflammable, 
and burns without ſmoke, or leaving 


ing its phlogiſton ſo unites with dephlo- 


E Ni | 


— 
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Ardent ſpirit mixes readily with wa- 
ter in all proportions, and with eſſential 
oils, and balſams or reſins, which are 
the ſame thing inſpiſſated. 

By its affinity with eſſential oils, ar- 
dent ſpirit extracts them from aromatic 
plants; and theſe liquors have obtained 
the name of ſinctures. 


When the dachi are Aiſtilled, the 
more volatile parts of the eſſential ' oils, 
which come over in diſtillation, have ac- 
quired the name of waters ; as Laven- 
der water, Roſemary water, &c. and 
what remains in the ſtill is called ex- 
tract of the plant. If the tinctures be 
diluted with much water, the reſinous 
part of the plant will be obtained pure, 
and ſeparated from the extractive part, 
which will remain diſſolved in the water, 
while the reſin ſeparates from it, 


| Spirit of wine will not diſſolve the 
gummy parts of vegetables; and by 
this means the gummy ſubſtances may 


be * from their ſolutions in 
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water, the ſpirit uniting with the water 
only. On the other hand, if reſins be 
diſſolved in ſpirit of wine, the affuſion 
of water will ſeparate them. By means 
of the affinity of ſpirit of wine with wa- 
ter, it will ſeize upon the water in which 
ſeveral falts are diſſolved, and thus pro - 
duce an inſtant Om of them. 


Salt of tartar has a greater affinity to 
vater than ſpirit of wine, and by extract- 
ing water from it, will aſſiſt in concen- 
trating it; but the beſt method of ren- 
dering ſpirit of wine free from water is 
diſtillation, the ardent ſpirit riſing before 
| the water. 


Spirit of wine mixed with the vitriolic 
and other mineral acids, renders them 
milder, and thereby more proper for 
certain medicinal uſes. This is called 
dulcifying a. | 


Spirit of v wine is a powerful antiſeptic, 
and is therefore of uſe to preſerve veget- 


able and animal ſubſtances from putre- 
faction, 


— 
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( Of Huber. 
WV 
Ir ſpirit of wine be diſtilled with al- 
moſt any of the acids, the produce is 
a liquor which has obtained the name 
of Alber, from its extreme lightneſs 
and volatility, being much lighter, and 
more volatile, than any other fluid 
that we are acquainted with. It is 
highly inflammable, but the burning 
of it is accompanied with ſmoke, and 
ſome ſoot; and on this account it is 
a medium between ſpirit of wine and 
oil, the acid having taken from the 
ſpirit of wine part of the water that 
was eſſential to it, at the ſame time 
that it communicated ſomething of its 
acid peculiarly modified; ſince ethers | 
have different properties according to 
the acids by which they are made; 
as the vitriolic, the nitrous, the marine, 
and the acetous. No æther, however, 
can be made from the marine acid 
till it has been in ſome meaſure de- 
nn from which it may be 
inferred, 
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inferred, that dephlogiſticated air is 
_ neceſſary to the compoſition of æther. 
Vitriolic ther. is the moſt common, 
in conſequence of the proceſs by which 
it is made being the eaſieſt. 


Ether does not mix with water in 
all proportions, like ſpirit of wine, but 
ten parts of water will take up one 

of æther. It eaſily mixes with all 
oils. | 5 


It is ſomething remarkable, that 
though æther will not diſſolve gold, 
it will take from aqua regia the gold 
that has been previouſly diſſolved in 
hs 


By the quick evaporation of æther 
a conſiderable degree of cold may be 
procured ; and on this principle it has 
ſometimes been applied to relieve the 
head-ach and other pains. 


E LECTURE 
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LECTURE. XVIN.. 
Of Oi. 


Ou. is a liquid inflammable ſubſtance, 
of great tenacity, diſpoſed to pour in 
a ſtream rather than in drops. It is 
| little, if at all, ſoluble in water. It 
burns with ſmoke and ſoot, and leaves 
a reſiduum of a coaly ſubſtance. It 
conſiſts of acid and water combined 


with pllogiiton, 


Al oil is the KR, of the ve- Il 
getable or animal kingdom, no proper 
mineral ſubſtance containing any of 
it. 


Dy diRillation oil is in part decom- 
poſed, and by this means the thicker - 
kinds of oil are rendered thinner and 
- more volatile, the acid, to which their 
conſiſtence is chiefly owing, being loſt 


11 the n By repeated diſtilla- 
. tion 


1 
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tion it is ſuppoſed that all oils may 
be brought almoſt to the ſtare of 
| ther, and even of ardent ſpirit. 


Acids act powerfully upon oils, but 
very differently, according to the na- 
ture of each, Alkalis alſo combine 
with oils, and the leſs thin and vo- 
latile they are, the more eaſily are 
they ſoluble in alkalis. The union 
of alkali and oil makes ſoap. All oil 
diſſolves ſulphur, and with it makes 
what is called a balſam. Oils alſo diſ- 
folve metallic ſubſtances, but moſt ſen- 
ſibly copper and lead. United with 


the calx of lead, it is uſed in 1 paint- 
ing. 


Oil not readily mixing with water, 
it will diffuſe itſelf over its ſurface, 
and, notwithſtanding its tenacity, it will 

do this very rapidly, and to a great 
extent; and then it has the extraordi- 
nary effect of preventing the action of 
the wind upon the water, ſo as to 
prevent the forming of waves. If a 
quantity of oil and water be put into 


= a glaſs 
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a glaſs veſſel and ſwung, the ſurface 
of the water below the oil will be ſeen 
to change with reſpect to the veſſel, but 
not that of the oil. If ſpirit of wine 
be put upon them, that will be at reſt, 
and Both the lower fluids in motion. 


| Vegetable oil is of two kinds, the 
ſoft, or mild, which has little or no taſte 
or ſmell, and the efſential oil, which is | 
thin, and retains the ſmell and taſte of 

the von from which it was expire, 


Mild or ſweet oil is N 3 
the graint or kernels of vegetables, and 
requires a conſiderable degree of heat 
to convert it into vapour, in which ſtate 
alone it is capable of being inflamed. 


 Efential oil is volatile in the heat of 
boiling water, and 1s generally obtained 
by means of diſtillation from the moſt 


;  odoriferous ſorts of plants; but is ſome- 


times found in their yeſicles, as in the 
rind of an orange. The ſtrong taſte of 
this Kind of oil ariſes from the diſengaged 
acid which abounds in it; and by this 
5 means 


/ 
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means it is ſoluble” in ſpirit of wine, 
which ' fweet oil is not: but it loſes 
much of this property by repeated diſ- 
tillations. By long expoſure to the air 
it loſes its more volatile parts, and there- 
by approaches to the nature of a reſin. 
This volatile odoriferous principle has 
been called the ſpiritus rector of the plant. 


Ihe eſſential oils of different plants 
differ much in their ſpecific gravity, and 
alſo in the manner by which they are 
affected by cold, ſome being heavier and 
others lighter than water, and ſome be- 
ing more difficultly, and others more 
eaſily congealed. Though the differen- 
ces with reſpect to weight and conſiſtency 
in theſe oils is probably owing to the 
ſtate of the acid that is combined with 
them, theſe two properties - are wholly 

independent of each other ; ſome eſſen- 


tial oils being very thin and yet heavy,” 


and others thick and yet light. Effentiat 
oils are uſed in perfumes, and alſo in 
medicine, acting powerfully on de ner 
vous ſyſtem. ET 1 a 


E 5 - Eſſential 
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Eſſential oils are very apt to be adul. 
terated. If it be with ſweet oil, it may 
be diſcovered by evaporation on white 
paper, or by a ſolution in ſpirit of wine, 
which will not act upon the ſweet oil. 
If ſpirit of wine be mixed with it, it 
will be diſcovered by a milly appearance | 
upon putting water to it, which uniting 
with the ſpirit, will leave the oil much 
divided. If oil of turpentine, which is 
the cheapeſt of eſſential oils, be mixed 
with any of the more valuable kinds, it 
will be diſcovered by evaporation ; a 
ſtrong ſmell of turpentine being left on 
the paper, or cloth, upon which the 
evaporation was made. es 


Animal oil like the vegetable, is of 
two kinds; the firſt butter, or fat, which 
is eaſily congealed, owing to the quantity 
of acid that 1s intimately combined with 
it. It reſembles the ſweet oil of veget- 
ables in having no ſmell or taſte. The 
other kind of animal oil is extracted by 
diſtillation from the fleſh, the tendons, 
the bones, and horns, &c, of animals. 


Ic differs 2 from he other kind 
x of 
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ol animal oil, by containing an alleali i in- 


ſtead of an acid. By repeated diſtilla- 
tion it becomes highly attenuated and 
volatile; and in this ſtate it ( is called 
the oil of Dippel, the diſcoverer of it. 


All oil . to much heat is in 
part decompoſed, and acquires a diſa- 
greeable ſmell; and in this ſtare it is faid 
to be empyreumatic: but this property 
is loſt by repeated diſtillations. „ 


Beſides the vegetable and animal oils 
above deſcribed, there is a foſſil oil 
called bitumen, the ſeveral kinds of which 
differ much in colour and conſiftence ; 
the moſt liquid is called pet aleum, from 
being found in the cavities of rocks, 
and the more ſolid kinds are ha 2 er, jet, 
afphaltum, and pit-coal. When diſtilled, 
the principal component parts of all theſe 
| ſubſtances are an oil and an acid. But 
all foſſil oil is probably of vegetable or 
animal origin, from maſſes of vegeta- 
bles or animals long buried in the earth. 
Their differences from reſins and other 
oily matters are probably owing to in 
= 
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the combinations of mineral -acids an he 
oils ſo nearly reſembling bitumens, the 
principal difference being their inſolu- 
bility 1 of wine. 


'T hat the moſt ſolid of W as am- 
Der, has been formerly in a liquid ſtate, 
is evident, from inſects and other ſub- 
ſtances being frequently found in them; 
and pit-coal has been often found with 
both the internal texture and external ap- 
pearance of wood; ſo that ſtrata of 
pit-coal have probably been beds of peat 
in ſome former ſtate of the earth. „ 


LECTURE 
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LECTURE XIX. 


Of Solid Subſtances, = 


Ac. ſolid ſubſtances are capable of 
becoming fluid by heat, and moſt of 
them may thereby be reduced into a ſtate 
of vapour, or air; and in paſſing from 

a fluid into a ſolid ſtate their component 
parts aſſume a particular mode of ar- 
range ment, called cryſtalliation, which 
differs according to the nature of the 
ſubſtance; ſo that all ſolids, eſpecially 

if they be ſuffered to concrete ſlowly, 
may be called cryſtali. 


Excluſive of ſalis, which have been 
conſidered already, as formed by the 
union of acids and alkalis, ſolids in ge- 
neral have obtained the names of earths, 
or ſtones, which differ only in their tex- 
ture; and they are diſtinguiſhed into 
thoſe that are metallizable, or thoſe that 

: . are 


8 


1 
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are not; the formr being called ores, . 
and the latter ſimply earths; the princi- 
pal of which are the calcareous, filiceous, 
argillaceous, magneſia, terra ponderoſa, 
and a few others which have been diſ- 
covered lately, but have not been much 
examined. | 


Of Calcareous Earth. 

CaLcartous earth is found in the 
ſhells of fiſhes, the bones of animals, 
chalk, limeſtone, marble, and gypſum: 
but all calcareous earth is ſuppoſed. to be 
of animal origin and beds of chalk, 
lime: ſtone, or marble, are thought to 
have been beds of ſhells formed in the 
fea, in ſome priſtine ſtate of the carth, 


The calcareous earth which is found 
in ſhells, lime-ſtone, and marble, is 
combined with fixed air, diſcovered by 
efferveſcing with acids. To obtain it 
perfectly pure, the earth muſt be pound- 
ed and waſhed with water, in order to 


free it from any _ ſubſtance which 
may 
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may be contained in it, then diſſolved 
in diſtilled vinegar, and precipitated by - 
mild alkalis. Lime-ſtone expoſed to 
heat loſes about half its weight, in fixed 
air and water, and the remainder, called 
quick lime, attracts water very power- 
fully, and their union is attended with 
much heat, after which it diſſolves into 
a fine powder called /laked lime. If it 
be left expoſed to the atmoſphere, it will 
of itſelf, by gradually imbibing moiſ- 
ture, fall into the ſtate of powder. 


Water diſſolves 3 one ſeven hun- 
dredth part of its weight of quick. lime, 
and is then called lime-water. Expoſed 
to the air, a cruſt will be formed on its 
ſurface, which is found to conſiſt of cal. 
careous earth and fixed air. 


Lime a water mixed with fand 
make mortar, by which means different 


| ſtones may be made to cohere as one 


maſs, which is the moſt valuable uſe of 
this Kind of carth, 


Calcareous 
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Calcareous earth, united with vittio: 
lic acid, makes gypſum; and this ſub- 
ſtance pounded and expoſed to heat, 
parts with its water, and is then called 


Pilaiſter of Paris. In this ſtate, by im- 
bibing water again, it becomes a firm 
ſubſtance, and thus is uſeful 1 in by 


| _ &c. © 


The Arch K animal bones is calca- 
reous united to the phoſphoric acid. 


Of Siliceous Earth, 


| S1t1ctovs earth ſeems to be formed 
by nature from chalk, perhaps by the 
introduction of ſome unknown acid, 
which the vitriolic acid is not able to diſ- 
lodge. It abounds in moſt ſubſtances 
which are hard enough to ſtrike fire with 


ſteel, as flint, rack cryſtal, and moſt 


precious ſtones. It. is not acted upon by 


any acid except the fluor and phoſphoric, 


but eſpecially the former; but it is ſolu- 


| ble in alkalis ; and being then diſſolved 


in water, makes liquor filicum, from 
which 
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which the pureſt ſiliceous earth may be 
precipitated by acids. For this purpoſe 
about four times the weight of alkali 
muſt be made uſe of. With about equal 
weights of alkali and filiceous ſand is 
made glaſ5, of fo great uſe in admitting 
light and excluding the weather from 
our houſes, as well as for making various 


uſeful utenſils. To make glaſs perfectly 
colourleſs, and at the ſame time more 


denſe, commonly called flint glaſs, ma- 


nufacturers uſe a certain proportion o 
calx of lead and manganeſe. 


Siliceous earth 1s not affected by the 
ſtrongeſt heat, except by means of a 
burning lens, or dephlogiſticated air. 
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/ Argillaceons Earth, 


| oma earth is found in clay, 
 ſebiſtus or ſlate, and in mica; but the 
pureſt is that which is precipitated from 
. a ſolutionof alum by alkalies; for alum 

_ conſiſts of the union of viciulic acid and 
—_— earth, 


This ſpecies. of earth is ductile with 
water; it then hardens and contracts by 
heat, ſo as to be of the greateſt uſe in 

forming bricks, or ſtones of any requir- 
cd form or ſize. By means of the pro- 
perty of clay to contract in the fire, 
Mr. Wedgwood has conſtructed an ex- 
cellent thermometer to meaſure the de- 
grees of extreme heat. 


The 


EXPERIMENTAL PHILOSOPHY. "Of 
The ductility of clay ſeems to depend 
upon ſome acid, probably the vitriolic, 
adhering to it ; ſor it loſes that property 
when it is ned into a brick, but re- 
covers it when it has been again diſſolve 
cd in an acid, 


* Terra 9 


Terra Ponderoſa, or marmor metalli- 
cum, is generally found in two ſtates, 


viz. united to vitriolic acid, when it is 
called calk, or to fixed air, when it is 


called terra ponderoſa aerata. 


© obtain it pure from its union with 
the vitriolic acid, it muſt be melted with 


about twice its weight of fixed alkali; 


which unites. with the acid, and form- 


ing a faline ſubſtance, may be waſhed 


out of it. In this ſtate it contains 
water, and therefore, when expoſed to 
heat, will yield fixed air; whereas the 
terra ponderoſa aerata will not yield 
fixed air by heat only, but when ſteam 
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is made to paſs over it when red hot, 
This proves that water; is eſſential to the 
_ compoſition of fixed air, 


This ſtone 1 diſtinguiſhable by its. 
great ſpecific gravity, being four times 
as heavy as water; but though in this it 
reſembles an ore, it has not been found 


to be — 


Turs ſpecies of earth is found in fleas 


tites, or ſoap rock, Spaniſh chalk, aſbeſ- 
tus, and Muſcovy talck ; but the pureſt 


is got by diſſolving Epſom ſalt (which 


conſiſts of this earth united to the vitri- 
olic acid) and precipitating it by a mild 
alkali. In this ſtate it becomes united 
to fixed air, which may be expelled by 
heat. It is then calcined, or cauſtic, + 
burt differs from quick-lime by not Fo 
ſoluble in water, 


5 _ Abeftc, 
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Aſbeſtus, which contains much of this 
kind of earth, is remarkable for not 
being deſtructible by heat, though it 
is ſometimes found in flexible fibres, ſo 


as to be capable of being woven into 
cloth, 


Muſcovy talck, is remarkable for the 
thin and tranſparent flakes into which it 
is divifible, and thereby capable of va- 
rious uſes. 


There are ſome other diſtinct ſpecies 
of earth, particularly one brought from 
Botany Bay, and another called Stonti- 
ate, from the place where it was found 
in Scotland; but they have not as yet 
been much examined. 


All ſtones formed oy nature are com- 
pounded, and to diſtinguiſh them from 
one another, and aſcertain the parts of 
which they conſiſt, is the ſubject of li- 


tnology, a very extenſive branch of 
| ann 


All 
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All che ſimple earths are nearly, 


if not abſolutely, infu/ible; but when 
they are mixed they may all be 


Wd, 
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LECTURE XXL 


Of. Ores, | 


led ores, when united to phlogiſton, 
make the metals, diſtinguiſhable for 
their ſpecific gravity, their opacity, 
ſhining appearance, and fuſibility. 


All the proper metals are malleable, 
and thoſe which are not ſo are called | 


ſemt- metals. 


The metals again are ſubdivided into 
the perfect and imperfed. The former, 
which are gold, fitver, and platina, ſuf- 
fer no change by fuſion, or the longeſt 
continued heat: whereas heat calcines 
or diſſipates the phlogiſton of the im- 
perfect metals, which are mercury, lead, 
copper, iron, and tin, fo that they re- 

a „ 


Mrar: IZABLE earths, commonly cal- 
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turn to the ſtate of earth; Re this earth 
is always heavier than the metal, though 
of leſs ſpecific gravity, having received 
an won of weight from water or 
: but theſe earths, or ores, being 
naked to heat in contact with ſub- 
| ſtances containing phlogiſton, again be- 
come metals, and are then faid to be 


revived. - 


The Pp mi-metals are biſmuth, zinc, 
nickel, regulus of -arſenic, of cobalt, of 
antimony, of manganeſe, of wolfram, 
and of ne | 


All crnctullie ſubſtances are erytallita- 
ble, and each in a peculiar form, which 
is diſcovered by leaving a hole in the 
bottom of the crucible in which they 
are melted, and drawing out the ſtop- 
per, when the mals 1s beginning to 2 | 

its * 


Some of the metals will not unite to 
others when hot, and others of them 
will; and ſuch as will unite with others 
| : are 
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are called folders. Thus tin is a ſolder 
for _ and braſs, . or ſilver, for 


; iron. 


: Ores1 are never found in regular ſtrata, 
like the different kinds of earth; but in 
places which have formerly been cavi- 
ties, running in all directions, with re- 
ſpect to regular ſtrata, and commonly 
called veins. 


— 


Many of the ores in their natural 
ſtate are ſaid to be mineralized with 
arſenic or ſulphur, thoſe ſubſtances being 
intimately united with the metallic 
earths. 9 | 
In order to convert the ores into 
metals, ſome of them are firſt reduced 
to powder, to waſh out the earthy or 
ſaline particles. They are then kept in 
a red heat, which the workmen call 
roaſting, in order to drive away the 
arſenic, or ſulphur, which are volatile; 
and in the laſt place they are fuſed in 
contact with charcoal, or other ſubſtan- 
ces containing n and to pro- 
F mote 
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mote the fuſion, lime: ſtone is frequently | 


mixed with them. When the operation 
is completed, the unmetallic parts are 
converted into glaſs, or ſcoria, which 


lies on the ſurface, whereas the eri | 


is found at the bottom. 


To diſcover the quantity of metal in 


a ſinall piece of ore is called aſſaying. 


When metals are fuſed together, the 
ſpecific gravity, fuſibility, and other 


properties are changed, and in ſuch 2 


manner as could not be diſcovered 


from the properties of the conſtituent 


parts. 
Of Gold, 


Gol p is the heavieſt-of all metallic 
bodies except platina. It appears yel- 
low or reddiſh by reflected light, but 


| green or blue by tranſmitted light, 


when it is reduced to thin plates. 


'T i 
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Though gold undergoes no change i in 


a common furnace, or burning lens, it 
may, in part, atleaſt, be calcined. by the 
electric ſhock. 


Gold has the greateſt ductility, and in 


wires of equaldiameters, it has the great- 


eſt tenacity, of all the metals. One 
grain of it may be made to cover 56 
ſquare inches; ſome gold leaf being leſs 


than a 200,000th part of an inch thick; 
and when it is made to cover a ſilver wire, 


| the gold upon it may not be more than 


one twelfth. part of the thicknels of the ; 


gold leaf. 

This metal is ſoluble in aqua regia ; 
and being precipitated by a volatile alkali, 
makes a powder called aurum fulminans, 
wiich is one fourth heavier than the gold, 
and explodes with great violence in a 
heat ſomething greater than that of boil- 
ng water. 


Tin precipitates gold in the form of a 
purple powder, called the powder of 
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Caſſi 7us, from the inventor of it, and is 
uſed in enamels, or the glaſſy coating 
which i is given to metals by heat, 

Gold unites with oft of the metals, 
eſpecially with mercury, and theſe mix- 
tures are called amalgams. In gilding, 
the amalgam i is applied to the ſurface of 
the metal to be gilded, and the mercu- 
ry is driven off by heat, leaving the 
10 attached to the ſurface. 


Gold mixed with iron, makes it 
harder, for the nl of cutting in- 
ſtruments. 


To 2 gold from the pete 
metak, ſuch as copper, &c. it is mixed 
with lead, and then expoſed to a ſtrong 
heat, which calcines the lead, and vill 
it the imperfe& metals, leaving the 
 gokl pure. This proceſs is called cupdl 
lation, from being performed in a ſmall 
crucible called a cupell. When the 
gold is mixed with ſilver, three patts 


more of ſilver are put to it, and then 
the 


CY — _ w> 


leaving the gold pure. This 


# 
* 
8 
* 
be. 
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the filver is difolved by nitrous acid, 


is called guartation, from the gold 2 
one fourth part of the maſs. 


/ 
* 


The fineneſs of RET) is generally eſti- 


mated by di vidi; the gold into twenty- 
four parts, called carats. The phraſe 
twenty-three carats fine means that the 
maſs contains twenty-three parts out of 
twenty-four of pure gold, the remain - 


der being alley, of ſome baſer metal. 


The fineneſs of gold may in ſome mea- 
fure be diſcovered by the colour it 
leaves upon a zouch-flone, or fine-grain= 
ed baſaltes. 


Gold is generally found nearly pure, 


but mixed with earth, or diffuſedin fine 
grains voy ſtones, | 
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LECTURE XXIL 


5 


Of Silver. 


| 3 is the whiteſt of all the metals, 
very ductile, but leſs ſo than gold; the 
| thinneſt leaves of it being one third 
thicker than thoſe of gold. It is not 
calcined in the heat of a common fur- 
nace, but partially ſo by repeated A, 


or a ſtrong burning lens, 


Sulphureous fumes unite with ſilver, 
and tinge it black, The nitrous acid 
diſſolves it, and will hold more. than half 
its weight of it in ſolution. When fully 
ſaturated, this ſolution depoſits cryſtals 
which are called lunar nitre, or nitre of 
ſilver. When theſe cryſtals are melted, 

and the water they contain driven off, 2 
black ſubſtance, called lapis inſer nal, 


or lunar cauſtic, i is formed. This is uſed 
as 


* 
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a8 a cautery in ſurgery. A ſtrong heat 
vill decompoſe this lunar nitre, and re- 
cover che ſilver. 


Though the nitrous acid diſſolves 
ſilver the moſt readily, the marine acid 
will deprive the nitrous of it, and form 
a ſubſtance called luna cornea, becauſe, 
when it is melted and cold, it becomes 
a tranſparent maſs ſomething reſembling 
horn. From this luna cornea the pureſt 
filver may be obtained. The vitriolic 
acid will likewiſe deprive the nitrous of 
the ſilver contained in it, and form a 
white powder, not eaſily ſoluble in 
water. 


A Henan filver may be ca 
the following proceſs : the ſilver muſt 
firſt be diffolved. in- pale nitrous acid, 
then precipitated by lime-water, 8 
and expoſed to the air three days. 
muſt then be waſhed in cauſtic — — 
alkali, after which the fluid muſt be 
decanted, and the black powder left to 
dry in the air. The ſlighteſt friction 
wil cauſe this Powder to fulminate. w 
4 is 
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is ſaid, that even a drop of water falling 
Upon it will produce this effect, ſo that 
it ought to be made only in very ſmall 
quantities, and managed with the great- | 
cſt caution. 


| Moſt of the metals precipitate flver. 
That by mercury may be made to aſſume 
the form of a tree, called arbor Dianæ. 


Silver is found native in Peru; and 
the ores frequently contain ſulphur, or 
arſenic, or Doch. 


| 0 Patina, 


 PrLarTiNna is a. metal lately diſcovered 
in the gold mines of Mexico, where it 

is found in ſmall particles, never exceed- 
ing the ſize of a pea, mixed with fer- 
ruginous ſand and quartz. 


be ſtrongeſt fire will not melt theſe 
grains, though it will make them co- 
here; but they may be melted by a 
burning lens, or a blow. pipe ſupplied 


with e air. 
| Pure 
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Pure platina is the heavieſt body in 
nature, its ſpecific gravity exceeding 
twenty-two. It is very malleable, 
though conſiderably harder than gold 
or ſilver, and has the property of weld- 
ing in common with iron. This metal 
is not affected by expoſure to the air, or 

by any ſimple acid, though concentra- 
ted and hot; but it is diſſolved by de- 
phlogiſticated marine acid, and by aqua 
regia, in which a little nitrous air is pro- 
cured. The ſolution is brown, and when 
dilated yellow. Thus liquor is very cor- 
roſive, and tinges animal ſubſtances of 
a blackiſh brown colour. Platina is pre- 
cipitated from a ſolution in aqua regia 
by ſal-ammoniac, as gold is by martial 
vitriol, Iron is precipitated from this 
| ſolution by the Pruſſian alkali. Alfo 
| moſt of the metals precipitate platina, 
but not in its metallic ſtate. 


Agne facilities the FRED of pla- 
tina ; and by melting it with equal parts 
of arſenic and vegetable alkali, - and 
then reducing the maſs to a powder, it 
may be made to take any form; and a 

= | ſtrong 
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ftrong heat will diſſipate the arſenic and 

the alkali, leaving the platina in the ſhape 
required, not fuſible by any heat in a 
common furnace. 


| Platina does not readily combine 
with gold or filver, and it- reſiſts the 
action of mercury as much as iron ; but 
it mixes well with lead, making it lefs 
ductile, and even brittle, according to 
the proportion of the platina. With 
copper it forms a compound which takes 
a beautiful poliſh, not liable to tarniſh, 
and is therefore uſed with advantage for 
mirrors of reflecting teleſcopes. It unites 
eaſily with tin, and alſo with biſmuth, 
antimony, and zinc. 


4 


LECTURE 
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LECTURE XXIII. 
Of Mercury. : 


Macs is the moſt fuſible of all 


the metals, not becoming folid but 


in 40 below o in Fahrenheit's ther- 
mometer. It is then malleable. It 
is heavier than any other metal ex- 
cept gold or platina. It is volatile 
in a temperature much lower than that 
of boiling water, and in vacuo in the 
common temperature of the atmoſ- 
PL ; and at ſix hundred it boils. 


In a "be 11 heat in which it 
would riſe eaſily in vapour, mercury 
imbibes pure air, and becomes a red 


calx, called precipitate per 3 * 


greater degree of heat it parts with 
that air, and is running mercury again. 


Mercury is not perceptibly altered 
by expoſure to the. air, 


Mercury 


— 
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Mercury is acted upon by the vi- 
triolic acid when hot. In this proceſs 
vitriolic acid air 1s procured, and the 
mercury is converted into a white 
ſubſtance, which being dipped in wa- 
ter becomes yellow, called 1urbith mi- 
neral, one third heavier. than the mer- 
cury from which it was made. By 


heat this ſubſtance parts with its pure 


air, and becomes running mercury; 
but if the proceſs be made in a clean 
_ earthen veſſel, there will remain a 
portion of red calx, which cannot be 
reduced by any degree of heat, ex- 
cept in contact wich ſome ſubſtance 
containing phlogiſton. If this be done 
with a burning lens, in inflammable 
air, much of the air will be abſorb- 


ed. 


Mercury is diſſolved moſt readily in 
the nitrous acid, when the pureſt ni- 
trous air is procured; and there re- 
mains a ſubſtance which is firſt yellow, 
and by continuance red, called red 
precipitat:? In a greater degree of 
heat the dephlogiſticated air will be 

recovered, 
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recovered, and the mercury be re- 
vived; but the ſubſtance yields nitrous 
air after it becomes ſolid, and till it 
changes from yellow to red. 


The precipitates of mercury from 
acids by means of alkalis poſſeſs the 
property of exploding, when they are 
expoſed to a gradual heat in an iron 
ſpoon, after having been triturated 
with one ſixth of their weight of the 
flowers of ſulphur. The reſiduum con- 
ſiſts of a violet- coloured powder, which, 
by ſublimation F is converted into cin- 
nabar. 8 


It ſeems, therefore, as if the ſulphur 
cn ſuddenly with the mercury, 
and expelled the dephlogiſticated air in 
an elaſtic ſtate. 


The marine acid ſeizes upon mer- 
cury diſſolved in nitrous acid, and if 
the acid be dephlogiſticated, the pre- 
cipitate is corrofi ve ſublimate; ; but with 
common marine acid, it 1s called ca- 
lomel, or mercurius dulcis, This pre- 


21 | . paration 
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paration is generally made in the dry 
way, by triturating equal parts of mer- 
cury, common ſalt and vitriol, and 
expoſing the whole to a moderate 
heat; when the corroſive ſublimate 
riſes, ant adheres to the upper part 
of the glaſs veſſel in . the on. 
ceſs is made. | 


Mercury corel ad with ful. 
phur by trituration, and with it forms 
a black powder called E:hiops mineral. 
A more intimate combination of mer- 
cury and ſulphur. is made by means 
of fire. This is called c:nnabar, about 

one third of which is ſulphur. Ver- 
million is cinnabar reduced to powder. 


| Mercury readily unites with oil, and 
with it forms a deep black or - blue 
compound, uſed in medicine. | 


It rendidy combinsg "wh: moſt of 
the metals, and when it is uſed in a 
ſufficient quantity to make them ſoft, 
the mixture is called an amalgam. It 
com bines' moſl _ with gold, fil- 

ver, 


— 
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ver, lead, tin, biſmuth, and Zinc, 
Looking-glaſſes are covered on the 
back with an amalgam of mercury 
and tin. 


When mercury is united with lead 
or other metals, it is rendered leſs 
brilliant and leſs fluid; but agitation in 
pure air converts the impure metal in- 
to a calx, together with much of the 
mercury, in the form of a black Poe 
der. 


Heat recovers the pure air, and the 
mercury, leaving the calx of the im- 


pure metal. 


Much mercury is found native in 
a flaty kind of earth, or in maſſes of 
clay or ſtone; .but the greateſt quan- 


tity is found combined with ſulphur 
in native cinnabar. 


os 
4 
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LECTURE XXIV. 


0 aul 


| yg is a metal of a | bluiſh tinge, 
of no great tenacity, but very conſi- 
derable ſpecific gravity, being heavier 
than ſilver. It melts long before it 
is red hot, and is then calcined, if it 
be in contact with reſpirable air. When 
boiling it emits fumes, and calcines 
very rapidly. It may be granulated 
by being poured into a wooden box, 
and agitated. During congelation it 
is brittle, ſo that the parts will ſepa- 
rate by the ſtroke of a hammer; and 
-by this means the form of its cryſtals 
may be diſcovered. 


5 


In the „ of calcination. it firſt 
becomes a duiky grey powder, then 
yellow, when it is called maſſicot ; then, 
by imbibing pure air, it becomes red, 
and is called mininm, or red lead, In 
A e degree of heat it becomes 
maſſicot 
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maſſicot again, having parted with its 


pure air. If the heat be too great, 


and applied rapidly, it becomes a flaky. 
ſubſtance, called lit bar ge; ; and with 


more heat it becomes a glaſs, which 
readily unites with metallic calces and 
earth, and is a principal ingredient 
in the manufacture of flint glaſs, giv- 


ing it its peculiar denſity and ne 
tive E | : 


| Though load ſoot tarniſhes, the im- 


perfect calx thus made does not ſepa- 


rate from the reſt of the metal, and 
therefore protects it from any farther - 


action of the air, by which means it 
is very uſeful for the covering of 
houſes, and other ſimilar purpoſes. 


All acids a& upon lead, and form 
with it different faline ſubſtances. bite- 


lead conſiſts of its union with vinegar 
and pure air. Alſo diſſolved in vine- 


gar, and cryſtallized, it becomes /ugar 


F lead, which, like all the other pre- 


parations of this metal, is a deadly 
un ih 
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Oils diſſolve the calces of lead, | 
which, by this. means, is the baſis of ; 
, e * : | 


By means of heat litharge. pa 


poſes common falt, the lead uniting 


with the marine acid, and forming k 
yellow ſubſtance, uſed in painting, and 
by this means the foffil alkali is ſe- 

parated, 


U 


Lead unites with moſt metals, though 
not with iron. Two parts of lead 
and one of tin make a /o/der, which 
melts with leſs heat than either of the 
metals ſeparately; but a compoſition 
of eight parts of biſmuth, five of lead, 
and three of tin, makes a metal which 
melts in boiling water. ET, 


This metal will be diflolved by wa- 


der if it contain any ſaline matter, and 


the drinking of it occaſions a N 


kind of cholic. 


Lead is fenen found natives 


f Du: —_— minerally mineralized with 


fulphyr | 
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ſulphur or arſenic, and often mixed 
with a ſmall quantity of filver, 


Of Copper. 


Corp is a metal of a reddiſh or 
browniſh colour, conſiderably ſonor- 
| ous, and very malleable. | 


At a heat far below ignition, the 
ſurface of copper becomes covered 
with a - range of priſmatic colours, 
the commencement of its calcination z 
and with more heat a black ſcale is 
formed, which ealily ſeparates from 
the metal, and in a ſtrong heat it 
melts, and burns with a bluiſh green 
flame. 


E ruſts by expoſure to the 

air; but the partially calcined ſurface 
adheres to the metal, as in the caſe 
of lead, and thus preſerves. i it from 
n, corroſion. 


Copper 
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Copper diſſolved in the vitriolic acid 


forms eryſtals of a blue colour, called 


blue copperas. From this ſolution it 


is precipitated by iron, which by this 
means becomes coated with copper. 
The nitrous acid diſſolves copper with 
- moſt rapidity, producing nitrous air. 
If the ſolution be diſtilled, almoſt all 
the acid will be retained in the re- 
ſiduum, which is white; but more 
heat will expel the acid, chiefly in 
the form of dephlogiſticated air, and 
the remainder will be a black ſub- 


ſtance, conſiſting of the pure calx of 


copper. The vegetable acids diſſolve 
copper as well as the mineral ones, 
which makes the uſe of this metal for 


culinary purpoſes in ſome caſes dan- 


gerous. To prevent this they give It 
a coat of tin. The ſolution of cop- 
per in the vegetable acid is called 
verdigris, : 
Alkalis diſſolve copper as well as 
acids. With the volatile alkali a blue 


liquor is formed, but in ſome. caſes 


it becomes colourleſs, All the cir- 
3 cumſtances 


i 
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1 cumſtances of this change of colour 
have not yet been examined. Both 
oil and ſulphur will diſſolve copper, 


and with the latter it forms a blackiſh 5 


grey compound, uſed by dyers. | 


Copper readily unites with melted 
tin, at a temperature much lower than 
that which is neceſſary. to melt the 
copper; by which means copper veſ- 
ſels are eaſily covered with a coating 
of tin, A mixture of copper and tin, 


called bronze, the ſpecific gravity of 


which is greater than that of the me- 
dium of the two metals, is uſed in 
caſting ſtatues, cannon, and bells; 
and in a certain proportion this mix- 
ture is excellent for the purpoſe of 
mirrors of reflecting teleſcopes, receiv- 
ing a fine poliſh, and not being apt 
to tarniſh, Copper and arſenic make 
a brittle compound called ombach ; 
and with zinc it makes the uſeful com- 
pound commonly called braſs, in which 
zinc is about one third of its weight. 


Copper 
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Copper is ſometimes found native: 

but commonly mixed with ſulphur, 

in ores of a red, green, or blue co- 


> 


: lour. | | | « 


Copper being an earlier diſcovery 
than that of iron, was formerly uſed 
for weapons and the ſhocing of horſes ; 
and the ancients had a method, with 
which we are not well acquainted, 
of giving it a conſiderable degree of 
| hardneſs, ſo that a ſword made of it 
might have a pretty good edge. 


LECTURE 
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© 


LYCTURE XXS.: 


— 


3 _ Of Ton. 
_ is a metal of a bluiſh colour, of 
the greateſt hardneſs, the moſt variable 
in its properties, and the moſt uſeful of 
all the metals; fo that without it it is 
hardly poſſible for any people to make 
great advances in arts and civilization. 
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This metal readily parts with its 
phlogiſton, ſo as to be very ſubject to 
calcine, or ruſt, by expoſure to the air. 
The ſame is evident by the colours which 

appear on its ſurface when expoſed to 
heat, and alſo when it is ſtruck with 
flint; the particles that fly from it being 
iron partially calcined. In conſequence 
of its readily parting with its phlogiſton, 
it is capable of burning, like wood or 
other fuel, in pure air. 
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Iron 
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Iron and platina have the property of 


welding when very hot, ſo that two 


— 


pieces may be joined without any ſolder. 


When iron is heated, in contact with 


ſteam, part of the water takes the place 


of the phlogiſton, while the reſt unites 
with it, and makes inflammable air. 
By this means the iron acquires one third 
more weight, and becomes what is called 
jfnery cinder. This ſubſtance, heated in 
inflammable air, imbibes it, parts with 
its water, and becomes perfect iron again. 


If the iron be heated in pure air, it alſo 


imbibes the water, of which that air 


chiefly conſiſts, and alſo a portion of the 


peculiar element of the ria air. 


T "a ſolution af iron 1 nt of vi- 


triol produces green copperas; which be- 1 


ing calcined, becomes a red ſubſtance, 
called colcothar, | 


he precipitate of iron, by an infu- 
 fiok-of galls, is the colouring matter 
in inł, which is kept ſuſpended by means 
of gum. The Þrecipitace,! from the 

; ſame 


11 


— my 
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fame ſolution by ee alkali 
ls Pruſſian Pine, | 


Watet fanned with fixed air bit 
ſolves Iron, and makes a pleaſant cha- 


lybeat. 


The calx of iron gives a green co- 
lour to glaſs. 


Iron. a es with ſulphur. 


When they are found combined by na- 


ture, the ſubſtance is called pyrites. 


The union of phoſphoric acid with 


iron makes it brittle when cold, com- | 


monly called cold ſhort; and the union 


of arſenic makes it brittle when hot, - 


thence called. red _—_ 


Iron unites with” gold, ſilver, and 
Platina, and plunged in. a white heat 
into mercury, it becomes coated with 


it; and if the proceſs. be frequently re- 


peated, it will become brittle, which 
ſnews that there is ſome mutual action 
between them. 
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Iron readily unites with tin; and by 
dipping thin plates of iron into melted 
tin, they get a complete coating of it, 
and make the tinned plates in common 


uůſe: 


When crude iron comes from the 

ſmelting furnace it is brittle; and when 

it is white within, it is extremely hard; 

but when it has a black grain, owing to 

its having more phlogiſton, it is ſofter, 
and may be filed and bored. 


Caſt iron becomes malleable by being 
* expoſed to a blaſt of air when nearly 
melting ; the conſequence of which is 
a diſcharge of inflammable air, and the 
ſeparation of a liquid ſubſtance, which, 
when concreted, is called finery cinder. 
The iron generally loſes one fourth of 
its weight in the proceſs. Crude iron 
contains much plumbago, and the acceſs 
of pure air probably aſſiſts in diſcharging 
it, by converting it into air, chicfly 
inflammable. 


— 


Malleable 
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| Malleable i iron, expoſed to a red heat 
in contact with charcoal, called cemen- 


tation, converts it into feel, which has 


the properties of becoming much harder 
than iron, and very elaſtic, by being firſt 
made very hot, and then ſuddenly cool- 
ed, by plunging it in cold water. By 
firſt making it very hard, and then giv- 
ing different degrees of heat, and cool- 
ing it in thoſe different degrees, it is 
capable of a great variety of tempers, 
proper for different uſes. Of the degrees 

of heat workmen judge by the change 
of colour on its ſurface. Steel, like 
crude iron, is capable of being melted 
without loſing its properties. It is then 
called caft ſteel, and 1s of a more uniform 
texture. Iron acquires ſome little weight 
by being converted into ſteel ; and hon 
diſſolved in acid, it yields more plum- 
bago. Steel has ſomething leſs ſpecific 


gravity than iron, If the cementation 


be continued too long, the ſteel acquires 
a darkiſh fracture, it is more fulible, 
ad incapable of welding. Steel heat- 


ed in contact with earthy matters, is N 


reduced to iron. | 
G2 Iron 


3. > 1 
ty _— + vw — — a 2 1 
* 1 5. — 1 n 5 i b | a \ 
177 "Are, . * * ener 
| DEN \ o I * 2 - 0h a 4% ent 
205, ® 


> = ' 
n 
* „ + wag et YT, IR 


NE a. Odd 
f — 2 
8 onda 


—— —— — — * 
* 


——— ai woes 

ca - tn. Is 

ag EI + > 
> eg * + de ® 


> — >. —_ 


ee — 8 ESS Ke 
— by 7 4. -— wW 4 3. £4 
»t ,_ be = 


Cu 
— 


D 
—— — 
o = 


1 2 
1 
Fo 
4 N 

* 

+ 7; 
: by 

* N 
4 = | 
; =" 
£ : 70 
13 1. 

* 
at: 


4 . 


124 LECTURES o * : 


Iron is the only ſubſtance capable of 
magnetiſm ; and hardened ſteel alone is 
capable of retaining magnetiſm, | The 
loadſtone is an ore of iron, 
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LECTURE XX 
Of Tin, 


Tm is a metal of a lightly yellowiſh 
caſt, though harder than lead, very 
malleable, but of no great tenacity; ſo 
that wires cannot be made of it. It ea- 
fily extends under the hammer, and 
plates of it, called tinfoil, are made only 
one thouſandth part of an inch thick, 
and might be made as thin again. 


Tin has leſs ſpecific gravity than any 
other metal. It melts long before igni- 
tion, at 410 of Fahrenheit, and by the 
_ continuance of heat is ſlowly converted 
into a white powder, which is the chief 
ingredient in putty, uſed in poliſhing, 
&c. Like lead, it is brittle when heated 
a little ſhort of fuſion, and may be re- 
duced into grains by agitation as it paſſes _ 
from a fluid to a ſolid ſtate, 


G3 The 
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The calx of tin reſiſts 1 more 
than that of any other metal, which 
makes it uſeful in making an opaque 
white enamel. 


+ Tin loſes its bright ſurface when ex- 
poſed to the air, but is not properly 
ſubject to ruſt ; ſo that it is uſeful in pro- 
tecting iron and other metals from the 
effects of the atmoſphere. 


Concentrated vitriolic acid, aſſiſted 
15 heat 5 Giffolves half its weight of tin, 
[YE 1s ine Wich more 
water it yiclus ee air. During 
the ſolution, the phlogiſton of the tin 
uniting with the acid, forms ſulphur, 
which makes it turbid. By long ſtand- 
ing, or the addition of water, the calx 
of tin is precipitated from the ſolution. 
The nitrous acid diſſolves tin very rapid - | 
ly without heat, and yields bur little ni- 
trous air. With marine acid this metal 
yields inflammable air. With aqua regia 
it aſſumes the form of a gelatinous ſub- 
| ſtance uſed by dyers to heighten the co - 
lour of ſome red tinctures, ſo as to pro- 


duce: a bright ſcarlet in dying wool. 
A tranſ- 
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A rranſparent liquor, which emits 
very copious fumes,” called, from the 
inventor, the ſmoaking liquor of Liba- 


vius, is made by diſtilling equal parts of 


amalgam of tin and mercury with cor- 
5 * 4. 

roſive ſublimate, triturated together. A 
colourleſs liquor comes over firit, and 
then a thick white fume, which con- 


denſes into the tranſparent liquor above 


mentioned. M. Adet has ſhewn, that 
this liquor . bears the fame relation to 
the common ſolution of tin, that cor- 
roſive ſublimate does to calomtl, at 
has given an-ingenivvs ſolution of maay 
of its properties. - 


Tin detonates with nitre ; and if the 


cryſtals made by the ſolution of copper 
in the nitrous acid be incloſed in tinfoil, 
' nitrous fumes will be emitted, and the 


whole will become red hot. Alſo if 


five times its weight of ſulphur be ad- 
ded to melt tin, a black brittle com- 
pound, which 88 takes fire, will be 


formed, 


oy 
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Another combination of tin, ſulphur, 
and mercury, makes a light yellow ſub- 


 ; Rtance, called aurum muſioum, uſed in 


Fainting, . 3 


Tin is the Prince eden in ihe 

compoſition of pewter, the other ingre- 
dients being lead, zinc, biſmuth, and 

copper, each pewterer having -his pecu- 

lar receipt. It is alſo uſed in coating 

copper and iron plates, and in ſilvering 
 looking-glaſſes, beſides being caſt into 
a variety of forms, when it is called 
Bock tin. 


Tin is ſometimes found native, but 
is generally mineralized with ſulphur 
and arſenic. The latter is thought to 
be always contained in tin, and to be 
the cauſe of the crackling noiſe made | 

* RODE Een of it. . 


” 
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+ the Semi- melals. 


— 


 BromvrTa is a ſemi-metal of a yellow- 
1th or reddiſh- caft, but little ſubject to 
change in the air, harder- than lead, 
but eaſily broken, and reducible to 
powder. When broken it exhibits 
large ſhining facets, in a variety of 
poſitions. Thin pieces of it are con- 
N * 


Biſmuth 4 at about 460? of Fah- 
renheit. With more heat it ignites, 
and burns with a ſlight blue flame, 
while a yellow calx, called flowers. of 
biſmuth, is produced. With more heat 
it becomes a greeniſh glaſs. In a ftrong 
heat, and in cloſe veſſels, this metal | 
ſublimes. | N 
| Vielllc acid, even 1 and 
boiling, has but little effect upon biſ- 

G 5 muth; 


| Co „ 
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. 


muth; but the nitrous acid acts upon 5 


with the greateſt rapidity and violence, 

producing much nitrous air, mixed with 
phlogiſticated nitrous vapour. From 
the ſolution of biſmuth in this acid, 
a white ſubſtance, called magiſtery of 
biſmuth, is precipitated by the affuſion 
of water. This has been uſed as a 
paint for the ſkin, but has been NOR 


to injure it. 


The marine acid does not readily act 
upon biſmuth ; but when concentrated, 
it forms with it a faline combination, 
which does not eaſily cryſtallize, but 
may be ſublimed in the form of a ſoft 
fuſible ſalt, called bu/ter of biſmuth. 


Biſmuth unites with moſt metallic ſub- 
' ſtances, and in general renders them 
more fuſible. When calcined with the 
imperfect metals, it unites with them, 
and has the ſame effect as lead in cupel- 


lation. 
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Biſmuth is uſed in the compoſition of 
pewter, in printers' types, and other 
metallic mixtures. 


This metal is ſometimes found native, 
but more commonly mineralized. with 
ſulphur. 
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# 


LECTURE XXVII. 
Of Nickel, 


. is a ſemi- metal of a reddiſh 
cuſt, of great hardneſs, and always mag- 
netical; on which account it igfuppoſed 
to contain iron, though chemiſts have 
not yet been able to ſeparate them. 


The pureſt nickel is ſo infuſible as 
not to run into a maſs in the ſtrongeſt 
heat of a ſmith's forge ; but then it is 

in ſome degree malleable, 


Concentrated acid of vitriol only cor- 
rodes nickel. Alkalis precipitate it 
from its ſolution in the nitrous acid, and 
diſſolve the precipitate. It readily unites 
with ſulphur. 5 


Nickel 
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Nickel is found either native or mi- 
neralized with ſeveral other metals, 
eſpecially with copper, when it is cal- 


led kupfer nickel, or falſe copper, being 
olf a reddiſh or copper colour. 


This ſemi-metal has not 125 been 225 
Pa to ny uſe, 


Of Arſenic. 


WHAT is commonly called arſenic is 
the calx of a ſemi-metal called the re- 
gulus of arſenic. It is a white and brit- 
_ tle ſubſtance, expelled from the ores of 
ſeveral, metals by heat. It is then re- 
fined by a ſecond ſublimation, and melt= _ 
ed into the maſſes in which it is com- 
monly ſold. This calx is ſoluble in 
about eighty times its weight of cold 
water, or in fifteen times its weight 
of boiling water. It' acts in many re- 
ſpects like an acid, as it decompoſes 
nitre by diſtillation, when the nitrous 

acid 
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acid flies off, and the arſenical Jalt of 
Ae remains behind. 


When the cabs of arſenic is diſtilled 
with ſulphur, the vitriolic acid flies off, 
and a ſubſtance of a yellow colour, cal- 
led orpiment, is produced. This 'ap- 
pears to conſiſt of ſulphur and the re- 
gulus of arſenic; part of the ſulphur - 
receiving pure air from the calx, to 
which it communicates phlogiſton ; and 
thus the ſulphur becomes converted into 
vitriolic acid, while the arſenical calx is 


reduced, and combines with the reſt of 
ny: ſulphur. 


The combination of ſulphur and arſe- 
nic, by melting them together, is of 
a red colour, known by the name of 
realgal, or realgar. It is leſs volatile 
than orpiment, | 


The ſolution of fixed alkali diſſolves 
the calx of arſenic, and by means of 
heat a brown tenacious Nals is pro- 
duced, and having alſo a diſagreeable 
ſmell, it is called liver of arſenic. 

The * 
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The regulus of arſenic is of a yellow 
colour, ſubje&t to tarniſh or grow” 
black, by expoſure to the air, very 
brittle, and of a laminated texture. In 
clofe veſſels it wholly ſublimes, but 
burns with a {mall me! in pure „ 


viwiolie acid has little 400 upon 
this ſemi- metal, except when hot; but 
the nitrous acid acts readily upon it, and 
| likewiſe diſſolves the calx, as does boil- 

ing marine acid, though it affects it 
very little when cold. | 


Moſt of the metals unite with thn, re- 
gulus of arſenic. - 


| Dephlogiſticated marine acid co 
verts the calx of arſenic into arſenical 
acid by giving it pure air. 


The acid of arſenic acts more or 
leſs upon all metals, but the pheno- 


mena do not appear to be of much 
importance. 


The 
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The calx of acid is uſed. i in a variety 
of the arts, eſpecially i in the manufac. 


tory of glaſs. Orpiment and realgar 


are uſed as pigments. Some attempts 
have been made to introduce it into me- 
dicine, but being dangerous, the expe- 
riments ſhould be made with caution. 


8 07 Cobalt. 


CopBarr is a ſemi-metal of a grey or 
ſteel colour, of a cloſe-grained fracture, 
more difficult of fuſion than copper, 


not eafily calcined. It ſoon tarniſhes 
in the air, but water has no effect n 


. 


Cobalt, : Aten in aqua - regia, 
makes an excellent ſympathetic ink, 


_ appearing green when held to the fire, 


and diſappearing when cold, unleſs it 
has. been heated too much, when it 
burns the paper. 
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The calx of cobalt i is of a deep blue 
colour, which, when fuſed, makes the 
blue glaſs called ſmalt. The ore of co- 
balt, called zaffre, is found in ſeveral 
parts of Europe, but chiefly i in Saxony. 
As it is commonly. ſold, it contains twice 
or thrice its weight of powder of flints. 
The ſmalt is uſually compoſed of one 
part of calcined cobalt, fuſed with two 
* of powder of flint and one of pot- 


Pg — * z * > 
- 


The chief uſe of cobalt is for making 
ſmalt; but the powder and the blue - 
ſtone uſed by laundreſſes is a preparation 
made by che Dutch of a coarſe kind of 

ſinale. £3 


Kg Zinc. ; 


ZM is a ſemi. men of a bluiſh caſt, 
brighter than lead, and ſo far malleable 
as not to be broken by a hammer, 
though it cannot be much extended. 
When broken by bending, it appears 


to OT of ond grains. If it be 5 
heated 
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heated nearly to. melting, it will be ſuf. 
ficiently brittle to be pulverized. It 
melts long before ignition, and when it 
is red hot, it burns with a dazzling white 
flame, and is calcined with ſuch rapi- 
_ dity, that its calx.flies- up in the form 
of white flowers, called flowers of zinc, 
or philoſophical wool. In a ſtronger + 
heat they become a clear yellow glaſs. 


Heated in cloſe veſſels, this metal riſes 


without decompoſition, being the moſt 
volatile of all the, metals except the re- 
gulus of ciſente. 


Zinc diſſolved in diluted vitriolic acid, 
yields much inflammable air, and has 
a reſiduum, which appears to be plum- 
bago, and the liquor forms cryſtals, called 
white copperas. This metal alſo yields 
inflammable air when diſſolved in the 
marine acid. Diſſolved in the nitrous 
acid, it yields dephlogiſticated nitrous 
air, with very little proper nitrous air. 


The ore of zinc, called calamine, 
is generally of a white colour; and the 
chief ue of it is to unite it with copper, 
with 
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' with which it makes braſs and other 


. of metals. The 


calx and the ſalts of this metal are oc- 


caſionally uſed in medicine. 
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LECTURE | XXVIL. 
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an regulus of antimony is of a fl. 
very white colour, of a ſcaly texture, 
very brittle, and melts ſoon after ig- 
- nition. | By continuance of heat it cal- 
cines in white fumes, called argentine 
flowers of antimony, which melt into a 
hyacinthine glaſs. In cloſe veſſels it 
riſes without decompoſition. Its calx 
is ſoluble in water, like that of arſe- 
nic. This metal tarniſhes, but does 
not prope rly ruſt, by expoſure to the 


air. 


This metal is ſoluble i in aqua regia; 
It detonates with nitre, and what re- 
mains of equal parts of nitre and re- 
gulus of antimony after detonation, in 
a hot crucible, is called diaphoretic 
antimony. The water uſed in this pre- 
paration contains à portion of the 
calx ſuſpended by the alkali, and be- 


" i . 5 9 Is 7 
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ing precipitated by an acid, is called 


ceruſe of eee, 


When regulus of antimony is pull 


yerized and mixed with twice its 
weight of corroſive ſublimate (which 


is attended with heat) and then diſtil- 
led with a gentle fire, a thick fluid 
comes over, which is congealed in the 
receiver, or in the neck of the retort, 
and is called butter of antimony. The 
reſiduum conſiſts of revived mercury, 
with ſome regulus and calx of anti- 


mony. When this butter of antimo- 
ny is thrown into pure water, there 


is a white precipitate, called powder 
of algaroth, a violent emetic. Nitrous 


acid diſſolves the butter of antimony; 3 : 


and when an equal weight of nitrous 


acid has been three times diſtilled to 
dryneſs. from butter of antimony, the 


reſiduum, after ignition, is called be- 


⁊oar mineral, and ſeems to be little 


more than a ee of the me cal. 


Crude antimony, which has bees 


much uſed | in the experiments of 
alchemiſts, 
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: alchemiſts, is a combination. of fl 
- phur and regulus of antimony. Heat 
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melts it, and finally converts it into 


glaſs, of a dark red colour, called liver 


of anlimony. If antimony be melted 
or boiled with a fixed alkali, a preci. 
pitate is made by cooling, called kerme: 


. mineral, formerly uſed in medicine, 
The antimonial preparations that are 


now moſt in uſe are antimonial Wine 
and tartar emetic. The wine is made 


by infuſing pulverized. glaſs of anti- 


mony in Spaniſh wine ſome days, and 
filtering the clear fluid through pa- 


per. The emetic tartar, or antimo- 
nial tartar, is a ſaline ſubſtance, com- 


poſed of acid of tartar, vegetable al- 
kali, and antimony partially calcined. 


The preparation may be ſeen in the 
Diſpenſaries. 


The regulus of antimony is uſed 
in the form of pills, which purge 


more or leſs in proportion to the acid 


they meet with; and as they under- 
go Inte | or no change in paſſing 
| through 


hy, 
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through the body, they are SO per- 
petual pills, 15 


O Manganeſe. 


MaxoAxESsE is a hard, black mi- 
neral, very ponderous, and the regu- 
lus of it is a ſemi-metal of a dull 
white colour when broken, but ſoon 
grows dark by expoſure to the air. 
It is hard and brittle, though not pul- 
verizable, rough in its fracture, and of 
very difficult fuſion. Its calces are 
white when imperfect, but black, or 
dark green, when perfect. The white 
calx is ſoluble in acids. When broken 
in pieces, it falls into powder by a 
ſpontaneous calcination, and this pow- 
der is magnetical, though tlie "maſs = 
was not poſſeſſed of that property. 
The black calx of manganeſe is alto- 
gether inſoluble in acids. It contains 
much dephlogiſticated air. L 


The calx of manganeſe is uſed in 
_— glaſs; the glaſs 9 the 
| colour 
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colour 15 that of the other materials, 
and thereby making the whole maſs 

cent. 


T his ſemi-metal mixes with moſt. 
of the metals in 3 . not with . 


mercury. 


There is another ore of manganeſe, 
called black woad, which inflames ſpon- 
taneouſly when mixed with oil. 


bs Of Wolfram, ; 


Woran is a mineral of a brown- 
1ſh or black colour, found in the tin 
mines of Cornwall, of a radiated or 
foliated texture, ſhining almoſt like a 
metal. It contains much of the calx 


of manganeſe, and iron; but when 


the ſubſtance is pulverized, theſe are 
ceeaſily diſſolved, and the calx of wol- 
fram is found to be yellow. 


This calx turns blue by expoſure to 
ight and an hundred grains of it 
heated 
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heated with charcoal will yield ſixty 
grains of a peculiar metal, in ſmall 
particles, which, when broken, look 
like ſteel. It is ſoluble in the vitriolic 
or marine acids, and reduced to a 
yellow calx wy nitrous acid or aqua 
regia. N 


F Molybdena. | 


Mor yBDENA is a ſubſtance which 
much reſembles plumbago; but its tex- 
ture is ſcaly, and not eaſily pulverized, 
on account of a degree of flexibility 
which its laminæ poſſeſs. With ex- 
treme heat, and mixed with charcoal, 
it yields ſmall particles of a metal 
that is grey, brittle, and extremely 
infuſible; and uniting with ſeveral of 
the metals, it forms with them brittle 
or friable compounds. By heat it 1s 
converted into a white calx, 


A. a 
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.Of Solid Oy N . 


Turk yet remains a claſs of ld 
ne of the combuſtible kind, but 


maoſt of them have been already con- 


ſidered under the form of the fluids, 
from from which they are originally 
formed, as bitumen, pit-coal, and amber; 
or under the principal ingredients of 
which they are compoſed, as /uphur 
.and Plumbago. 
There 1 remains to be mentioned 
the diamond, which is of a nature qu 
dicferent from that of the other _ 
cious ſtones, the principal ingredient 


An which is ſiliceous earth, which ren- 


ders them not liable to be much af- 
fected by heat. On the contrary, the 
diamond is a combuſtible ſubſtance; 
for in a degree of heat ſomewhat 
gretter than that which will melt ſilver, 
it burns with a ſlight flame, diminiſhes 
common air, and leaves a ſoot behind. 


1 wand if diamond powder be triturated 


with 
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with vitriolic acid, it turns 1t black, 
which is another proof of its contain- 


ing P 


The diamond is valued on account 
of its extreme hardneſs, the exquiſite 
poliſh it is capable of, and its extra- 
ordinary refractive power; for light 
falling on its interior ſurface with an 
angle of incidence greater than 24 
will be wholly reflected, whereas in 
glaſs it requires an angle of 41 de- 
greez. . | 
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LECTURE XXIX. 


Of the Doctrine of Phlogiſton and the 
Compoſition of Water. 


* 


I. was ſuppoſed to be a great diſcovery 
bf Mr. Stahl, that all inflammable ſub- 
ſtances, as well as metals, contain a prin- 
.ciple, or ſubſtance to which he gave 
tlie name of phlogiſton, and that the 
addition or deprivation of this ſubſtance 
makes ſome of the moſt remarkable 
changes in bodies, eſpecially that the 
union of a metallic calx and this ſub- 
ſtance makes a metal; and that com- 
buſtion conſiſts in the ſeparation of 
phlogiſton from the ſubſtances that con- 
tain it. That it is the ſame principle, 
or ſubſtance, that enters into all inflam- 
mable ſubſtances, and metals, is evi- 
dent, from its being diſengaged from 


ani 
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any of them, and entering into the 
compoſition. of any of the others. 
Thus the phlogiſton of charcoal or in- 
flammable aw becomes the phlogiſton 
of any of the metals, when the calx 
is heated in contact with either of 


On the contrary, Mr. Lavoiſier and 
moſt of the French chemiſts, are of 
opinion, that there is no ſuch principle, 


or ſubſtance, as phlogiſton, that metals 


and other inflammable bodies are ſimple 
ſubſtances, which have an affinity to 

pure air; and that combuſtion conſiſts 
not in the ſeparation of any thing from 


the inflammable ſubſtance, but in the 


union of pure air Vith ! it. 


They moreover ſay, that water is 
not, as has been commonly ſuppoſed, 
a ſimple ſubſtance, but that it conſiſts 
of two elements, viz. pure air, or o 
gene, and another, to which they give 
the name of hydrogene, which, with 
the Principle of heat, called by them 
calorique, is inflammable air. 

1 3 "The: 


150 > LECTURES ON 
The principal fact adduced by them 
to prove that metals do not loſe any 
thing when they become calces, but 
only gain ſomething, is, that mercury 
becomes a calx, called precipitate per ſe, 
by imbibing pure air, and that it be- 
comes running mercury again by part- 

ing with it. | = 
This is acknowledged: but it is al- 
moſt the only caſe of any calx being 
revived without the help of ſome 
known phlogiſtic ſubſtance; and in this 
particular caſe it is not abſurd to ſup- 
poſe, that the mercury, in becoming 
precipitate- per ſe, may retain all its 
phlogiſton, as well as imbibe pure air, 
and therefore be revived hy ſimply 
parting with that air. In many other 
_ caſes the ſame metal, in different ſtates, 
contains more or leſs phlogiſton, as 
caſt iron, malleable iron, and fteel. 
Alſo there is a- calx of mercury made 
by the acid of vitriol, which cannot be 
revived without the help of inflamma- 
ble air, or ſome other ſubſtance ſup- 
poſed to contaig, phlogiſton : and that 
8.4 > 23 the 
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the inflammable air is really intbibed in 

theſe proceſſes, . is evident, from its 
wholly diſappearing, and nothing being 
left in the veſſel in which the proceſs j 15” 
made beſide the metal that is revived 
by it. If precipitate per ſe be reviyed 
in inflammable air, the air will be im- 
bibed, ſo that running mercury may: 
contain more or leſs Phlogiſton. 2; 


The antiphlogiſtians alſo TY that” 

the diminution of atmoſpherical air by 
the burning of phoſphorus is a proof of . 

their theory; the pure air being im- 

bibed by that ſubſtance, and nothing 
emitted from it. But there is the ſame 
proof of phoſphorus containing phlo- 
giſton, that there 1s of dry fleſh con- 
taining it: ſince the produce of the ſo- 
lution of it in nitrous acid, and its effect 
upon the acid, are the ſame, viz. the 
production of phlogiſticated air, and 

the phlogiſtication of the acid. ä 
Their proof that water i decom- 
poſed, is, that in ſending ſteam over 
; 1 yo. inflammable air (which they 
 H4 ſuppoſe 


— 


ſuppoſe to be one conſtituent part of it) 
is procured; while the other part, viz. 
the oxygene, unites with the iron, and 
adds to its weight. But it is replied, 
that the inflammable air may be well 
ſuppoſed to be the phlogiſton of the 
iron, united to part of the water, as 
its baſe, while the remainder of the 
water is imbibed by the calx; and that 
it is mere water, and not Pure air, or 
oxygene, that is retained in the iron, 
is evident, from nothing but pure 
Vater being recovered when this calx 
of iron is revived in inflammable air, 
in which caſe the inflammable air wholly 
* - diſappears, taking the place of the 
water, by which it had been expelled. 


In anſwer to this it is ſaid, that the 
pure air expelled from the calx uniting 
With the inflammable air in the veſſel, 
recompoſes the water found aſter this 
proceſs. But in every other caſe in 
which any ſubſtance containing pure air 
is heated in inflammable air, though 
the inflammable air be in part imbibed, 


ſome fixed. air is produced, and this 
| fixed 
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fixed air is compoſed of the pure air in 
the ſubſtance and part of the inflam- 
mable air in the veſſel. Thus, if mi- 
nium, which contains pure air, and maſ- 
— ficot, which contains none, be heat- 
ed in inflammable air, in both the 
caſes lead will be revived by the ab- 
| ſorption of inflammable air; but in the 
former caſe only, and not in the latter, 
will fixed air be produced. The calx 
of iron, therefore, having the fame 
effect with maſſicot, witew treated in 
the ſame manner, appears to contain 
no more pure air than maſſicot does. 


Beſides this explanation of the facts 
on which che new theory is founded, 
which ſhews it to be unneceſſary, the 
old hypotheſis being ſufficient for the 
_ purpoſe, ſome facts are alledged, as in- 
conſiſtent with che new uence 


If tis calx of iron nds! by water, 
and charcoal made by the greateſt de- 
gree of heat, be mixed together, 
great quantity of inflammable air will 
be produced; though, according to 
H 5 eee 
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the new theory, neither of bes ſub⸗ 
ſtances contained any water, which 
they maintain to be the only origin of 
it. But this fact is eaſily explained 
upon the doctrine of phlogiſton; the 
water in this calx uniting with the phlo- 
- giſton of the charcoal, and then form- 
ing inflammable air; and it is the fame 
kind of inflammable air that is made 
| from charcoal and water, 


Alſo the SPE of ee and 
pure air, when they are fired together 
by means of the electric ſpark, produ- 
ces not pure water, as, according to 
the new theory, it ought to do, but ni- 
trous acid. . - 


T0 this it has been objected, that 

the acid thus produced came from the 
decompoſition of phlogiſticated air, a 
ſmall portion of which was at firſt con- 

tained in the mixture of the two kinds 
of air. But when every particle of 
| phlogiſticated air is excluded, the 


1 * acid is noms. 
he They 
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| They find, indeed, that by the flow 
burning of inflammable air in pure air, 
they get pure water. But then it ap- 
pears, that whenever this is the caſe, 

there is a production of phlogiſticated 
air, which contains the neceſſary ele- 
ment of nitrous acid; and this is al- 
ways the caſe when there is a little ſur- 
plus of the inflammable air that is fired 
along with the pure air, as the acid is 
always procured when there 15 a redun- 
5 dancy of pure air. 


That much water ſhould be procured 

by the decompoſition of theſe kinds of 
air, is eaſily accounted for, by ſuppoſing 
that water, or ſteam, is the baſis of 
theſe, as well as of all other kinds of air. 


| Since air ſomething better than that 
of the atmoſphere is conſtantly pro- 


| duced from water by converting it into 


vapour, and alſo by removing the pref- 
ſure. of the atmoſphere, and theſe pro- 
_ ceſſes do not appear to have any limits; 
it ſeems. probable, that water united to 
the Eh of heat, conſtitutes atmoſ- 

e 
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* 


pherical air; and if ſo, it muſt conſiſt 


of the elements of both dephlogiſticat- 
ed and phlogiſticated air; which is a 


ſuppoſition very different from that of 
the French chemiſts. 


* 
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LECTURE XXX, 
Of Heat. 


Hui: is an affection of bodies well 
known by the ſenſation that it excites. 
It is produced by friftion or compreſ- 
fion, as by the ſtriking of flint againſt 
ſteel, and the hammering of iron, by 
the reflection or refraction of light, and, 
by the combuſtion of inflammable ſub- 
- ſtances. f 


It has been long diſputed, whether 
the cauſe of heat be properly a ſub- 
ftance, or ſome particular affection of 
the particles that co.upoſe the ſubſtance 

that is heated. But be it a ſubſtance, 
or a principle of any other kind, it is 
capable of being transferred from one 
body to another, and the communica- 


tion of it is attended with the following 
circumſtances. 
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circumſtances. All ſubſtances are ex- 
panded by heat, but ſome in a greater 
degree than others; as metals more 
than earthy ſubſtances, and charcoal 
more than wood. Alſo ſome receive 
and tranſmit heat through their ſub- 
ſtance more readily than others; metals 
more ſo than earths, and of the metals, 
copper more readily than iron. In- 
ſtruments contrived to aſcertain the ex- 
panſion of ſubſtances by heat, are cal- 
led pyremeters, and are e of various con- 
ſtructions. 


As a ſtandard to meaſure the degrees 
of heat, mercury is in general prefera- 
ble to any other ſubſtance, on account 
of its readily receiving, and: commu- 
nicating, heat through its whole maſs, 
Thermometers, theſes, or inſtruments 
to meaſure the degrees of heat, are 
generally conſtructed of it, though, as 
it is ſubject to become ſolid in a great 
degree of cold, ardent ſpirit, which - 
will not freeze at all, is more ane” in 
that particular caſe, 


The 


Pd 
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The graduation of thermometers i is 
en. In that of Fahrenheit, which 
is chiefly uſed in England, the freezing 
Point of water is 32, and the boiling 
point 212%. In that of Reaumur, 
which is chiefly uſed abroad, the freez- 
ing point of water is o, and the boil- 
ing point 80. To meaſure the degrees 
of heat above ignition, Mr. Wedg- 
wood has happily contrived to uſe 
pieces of clay, which contract in the 
fire; and he has alſo been able to find 
the coincidence of the degrees in mer- 
curial thermometers with thoſe of his 
OWN. 


To meaſure the degrees of heat and 
cold during a perſon's abſence, Lord 
George Cavendiſh contrived an inſtru- 
ment, in which a ſmall baſon received 
the mercury, that was raiſed higher than 
the place for which it was regulated by 
heat or cold, without a power of re- 
turning. But Mr. Six has lately hit 
upon a better method, viz. introducing 
into the tube of his thermometer a 
ſmall piece of iron, which is raiſed by 
the 


er why e eee wa 3 5 
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the aſcent of the me reury, and prevent- 
ed from deſcending by a ſmall ſpring; 
but which may be brought back to its 
former _ by a. e . through : 


the glaſs. 


_ Heat, like light, is 1 in 
right lines; and what is more remarka- 
ble, cold obſerves the ſame laws. F or 
if the ſubſtance emitting heat without 
light, as iron below ignition, be placed 
in the focus of a burning mirror, a 
thermometer in the focus of a ſimilar 
mirror, placed parallel to it, though at 
a conſiderable diſtance, will be heated 
by it, and if a piece of ice be placed 
Were the mercury will fall. 


Feat aſſiſts the ſolvent power of al- 
moſt all menſtrua ; ſo that many ſub- 
ſtances will unite in a certain degree of 
heat, which will form no union at all 
without it, as dephlogiſticated and in- 
flammable air. | 


If ſubſtances be of the fame kind, 
they will receive heat from one another, 


in proportion to their maſſes, Thus, 


* = 
i * 
* i * 
— 


PS 
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if a quantity of water heated to 400 be j = 
mixed with another equal quantity of 1 
water heated to 20 the whole maſs will * 
be heated to 30% But if the ſubſtan- * 
ces be of different kinds, they will re- 1 
ceive heat from each other in different 19 
proportions, according to their capacity 1 
(as it is called) of receiving heat. Thus, 5 
if a pint of mercury of the tempera- 7 
ture of 136 be mixed with a pint of 7 
water of the temperature of 30, the 1.4 
temperature of the two after mixture 15 
will not be a medium between thoſe two 7 
numbers, viz. 93, but 76; conſe- 4b 
quently the mercury was cooled 602, Ro 
while the water was heated only 26; fo Wo 
that 26 degrees of heat in water correſ- WW | 
pond to 60 in mercury. But mercury j i 
is about 13 times ſpecifically heavier than Wo) 
water, fo that an equal weight of mer- .18 
cury would contain only one thirtieth WW. 
part of this heat; and dividing 26 by li 1 
13, the quotient is 2. If weight, there- | | 
fore, be conſidered, the heat diſcover- a 
ed by water ſhould be reckoned as 2 in- [i q F 
ſtead of 60; and conſequently when | *n 
water receives two degrees of heat, an + 
equal 11.8 


— 
* 
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equal weight of mercury will receive 609 
and dividing both the numbers by 2, if 
the heat of water be 1, that of the mer- 
cury will be 30. Or ſince they receive 
equal degrees of heat, whether they diſ- 
cover it or not (and the leſs they diſco- 
ver, the more. they retain in a latent 
ſtate) a pound of mercury contains no 
more than one thirtieth part of the heat 
actually exiſting in a pound. of. water of 
the ſame temperature. Water, there- 
fore, is ſaid to have a greater capacity 
for receiving and retaining heat, without 
diſcovering it, than mercury, in the pro- 
portion of 30 to 1, if weight be conſi- 
dered, or of 60 to 26, that is of 30 to 
13; if bulk be the ſtandard, though, 
| _—_— to ſome, it is as 3 to 2: 


-ÞT hei capacity: of receiving 12 la the 
fame ſubſtance is greateſt in a ſtate of 
vapour, and leaſt in that of a ſolid; fo 
that when ice is converted into water, 

heat is abſorbed, and more till when it 
is converted into vapour; ; and on the 
contrary, when vapour is converted into 


Waters it gives out the heat which it had 
N 
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imbibed, and when it becomes ice it 
gl ves out ſtill more. | 


AIf1 equal 1 of ics and water 
be expoſed to heat at the temperature of 


327, the ice will only become water, 
without receiving any additional ſenſible 


heat; but an equal quantity of water in 
the ſame. ſituation would be raiſed. to 

8; ſo that 146 degrees of heat will 
be imbibed, and remain latent in the 
water, in conſequence of its paſſing from 
a ſtate of ice: and heat communicated 
by a given weight of a vapour will raiſe 
an equal weight of a non-evaporable ſub- 


ſtance, of the ſame capacity with water, 
943 degrees; ſo that much more heat 


is latent in ſteam, than in the water from 
which it was farmed, 


'T his dodtrine of latins heat explains 

a great variety of phænomena in nature; 

as that of cooling bodies by evaporation, 

the vapour of water, or any other fluid 

ſubſtance, abſorbing and carrying off 
the heat they had before. 


Water, 
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Water, perfectly at reſt, will fall con- 
ſiderably below the freezing point, and 
yet continue fluid: but on the ſlighteſt 
_ agitation, the congelation of the whole, 
or part of it, takes place inſtantly, and 


if the whole be not ſolid, it will inſtant- 


ly riſe to 325, the freezing g point. From 
whatever cauſe, ſome motion ſeems ne- 
ceſſary to the commencement of conge- 
lation, & leaſt in a moderate tempera- 
ture; but whenever any part of the 
water becomes ſolid, it gives out ſome 
of the heat it had before, and that heat 
which was before latent becoming ſenſi- 
ble, and being diffuſed through the 
whole maſs, raiſes its 3 
* 
On the ſame principle, when water 
heated higher than the boiling point in 
a digeſter is ſuddenly permitted to eſcape 
in the form of ſteam, the remainder 1s 
inſtantly reduced to the common boiling 
point, the heat above that point being 
carried off in a latent ſtate * the fleam. 


Had it not 1 for this wiſe wei 
on in nature, the whole of any quantity 
of 
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of water would, in all caſes of freezing, 
have become ſolid at once; and alſo the 
Whole of any quantity that was heated to 
the point of boiling, would have been 
converted into ſteam at once; cir- 
cumſtances which would have been ex- 
amet Inconvenient, and often fatal. 


This 3 alſo explains the effect of 
freezing mixtures, as that of falt and 
ſhow. Theſe ſolid ſubſtances, on being 
mixed, become fluid, and that fluid 
abſorbing much heat, deprives all the 

neighbouring bodies of part of what 
they had, But if the temperature at 
which the mixture is made be as low as 
that to which this mixture would have 
brought it, it has no effect, and in a 
lower temperature this new fluid would 
become ſolid; for that mixture has only 
a certain determinate capacity for heat, 
and if the neighbouring bodies have leſs 
heat, they will take from it. 


It has been obſerved, that the com- 
parative heat of bodies containing phlo- 
giſton is increaſed by calcination or com- 

| buſtion ; 2 
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buſtion; ſo that the calx of iron has a 
greater capacity for heat, and therefore 
contains more latent heat, than the metal. 


In general it is not found, that the 
fame ſubſtances have their capacity for 
receiving heat increaſed by an increaſe 
of temperature; but this is ſaid to be the 

caſe with a mixture of ardent ſpirit and 
water, and alſo that of ro, W vitriol 


and water. « 


Since all wt contain a a greater > 
or leſs quantity of heat, and in conſe- 
quence of being deprived of it become 
colder and colder, it is a queſtion of 
ſome curioſity to determine the extent to 
which this can go, or at what degree in 
the ſcale of a thermometer any ſubſtance 
would be abſolutely cold, or deprived 
of all heat; and an attempt has been 
made to ſolve this problem in the fol- 
lowing manner. Comparing the capa- 
city of water with that of ice, by means 
of a third ſubſtance, viz. mercury, it 
has been found, that if that of ice be 
9*, that of water is.10*; ſo that water 
0 boy 


, „ 
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in becoming ice gives out one tenth 
part of its whole quantity of heat. But 
it has been ſnown, that ice in becoming 
water abſorbs 146 degrees of heat. 
This, therefore, being one tenth part 
of the whole heat of water, it muſt 
have contained 1460 degrees; ſo that 
taking 32 degrees, which is the freez- 
Ing point, from that number, the point 
of abſolute cold will be e below 0 of 
FUTON ſcale, a 


By a le, made by means of 


the heat of inflammable and dephlo- 


giſticated air, at the temperature of 50, 
Dr, Crawford finds, that it contains near- 
ly 1550 degrees of heat; fo that the 
point of abſolute cold will be 1 500 be- 
low o. But more experiments are want- 


ed to ſolve this curious problem to en. 


tire en 
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LECTURE xxx. 


8 


Of aun beat. 


i, 


— £8 all animals; and eſpecially thoſe 
that have red blood, are much hotter 


than the medium in which they live, 
the ſource of this heat has become the 
ſubject of much inveſtigation; and as 
the moſt probable. theory 1 is: that of Dr. 
Crawford, I ſhall give a ſhort detail * 


the reaſons on 9 which it is founded. 


! 


8 ch the ak 3 at- 


tention, aſcertained the latent, or, as he 


calls it, the abſolute heat of blood; and 
alſo that of the aliments of which it is 
compoſed, he finds that it contains more 


than could have been derived from them. | 
Alſo finding that the abſolute heat of 


arterial blood exceeds that of Venous 
blood, in the proportion of 114 to 10, 
x be 
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he concludes that it derives its heat from 
the air reſpired in the lungs, and that 
it parts with this latent heat, ſo that it 
becomes ſenſible, in the courſe of its 


circulation, in which it becomes loaded 
with phlogiſton, which it communicates 


to the air in the _ 


That this heat is 80 by the air, 


he proves, by finding, that that which 


we inſpire contains more heat than that 
which we expire, or than the aqueous 
humour which we expire along with it, 


in a very conſiderable proportion; ſo 
that if the heat contained in the pure air 


did not become latent in the blood, it 


would raiſe its temperature higher than 


that of red-hot iron. And again; if the 
venous blood, in being converted into 


arterial blood, did not. recelve. A ſi pply g 


of latent heat from the air, its tempera- 
ture would fall from 96 to 104 below o 
in F ahrenheit 8 thermometer. 


That the heat "TT by co mbuſti- 
on has the ſame ſource, viz. the dephlo- 
gilticated air that! is decompoſed in the 
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proceſs, is generally at. 1 Dr. 5 
Crawford finds, that when equal por- 
tions of air are altered by the reſpiration 
of a Guinea pig, or by the burning of 
charcoal, the quantity of heat commu- 

nicated by the two Proceſs Is s nearly | : 
equal. 


The following facts are allo alleged 
in favour of his theory. Whereas ani- 
mals which have much red blood, and 
reſpire much, have the power of keep- 
ing themſclves in a temperature conſi- 
derably higher than that of the ſur- 
rounding atmoſphere, other animals, as 
frogs and ſerpents, are nearly of the 
; ſame temperature with it; and thoſe _ 
animals which have the largeſt reſpira- 
tory organs, as birds, are the warmeſt ; 
allo the degree of heat is in ſome mea- 
ſure proportionable to the quantity of 
air that is reſpired in a given time, as in 
violent exerciſe. | 


* he "Ws been 1 that animals in 
a medium hotter than the blood have a 
a * of preſerving themſelves in the 
.__ fame 
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ſame temperature. In this cale the heat 


is probably carried off by perſpiration, 
while the blood ceaſes to receive, or give 


out, any heat; and Dr. Crawford finds, 


that when an animal is placed in a warm 
medium, the colour of the venous blood 
approaches nearef to that of the arterial 
than when it is placed in a colder medi- 
um; and alſo, that it phlogiſticates the. 
ar lels than in the former caſe ; ſo that 


in theſe circumſtances reſpiration has not 
| the -ame effect that it has in a (colder 


temperature, in giving the body an ad- 


ditional quantity of heat; which is an 


excellent proviſion in nature, as the heat 


is not wanted, but, on the contrary, 
would prove inconvenient. 
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LECTURE Ain 


_ Of Light, 


— 


Aer moſt important agent; in 
nature, and one that has a near connex- 
ion with heat, is light, being emitted by 
all bodies in a ſtate of ignition, and eſ- 
pecially by the ſun, the great ſource of 
light and of heat to this habitable world. 


Whether light conſiſts of particles of 
matter (which is moſt probable) or be 
the undulation of a peculiar fluid, filling 
all ſpace, it is emitted from all luminous 


bodies in right lines. 


F ne upon her bodies, part of 
the light is reflected at an angle equal to 

that of its incidence, though not by im- 

pinging on the reflecting furface, but by 


a power _ at a ſmall diſtance from 
x os 
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- it. But another part of che light enters 

(che body, and is refraed or bent to- 
wardi, or from, the perpendicular to the 
ſurface of the new medium, if the in- 
cidence be oblique to it. In general, 
rays of light falling obliquely on any 
medium are bent as if they were at- 
tracted by it, when it has a greater den- 
ſity, or contains more of the inſlamma- 
ble principle, than the medium through 
which it was tranſmitted to it. More of 
the rays are reflected when they fall upon 
a body with a ſmall degree of. obliquity 
to its ſurface, and more of them are 
tranſmitted, or enter the body, when 
their incidence is nearer to a perpendi- 


* 


The velocity with which light is emit- 
ted or reflected is the ſame, and ſo great 
that it paſſes from the ſun to the earth 

in about eight minutes and twelve ſe⸗ 


in of light emitted or reflected 
from a body entering the pupil of the 
eye, are ſo refracted by the humours of 


1117; 


\ 

274 | _ LECTV N 18 on 

it, as to be united at the ſurface of the 
retina, and ſo make images of the ob- 
jects, by means of which they are vi- 
ſible to us; and the magnifying power 

-+ 4: 08 teleſcopes or microſcopes depends 
- upon contriving, by means of reflections 

or retractions, that pencil of rays iſ- 
ſuing from every point of any object 
ſhall firſt diverge, and then converge, 
as: they would have done from a much 
larger object, or from one placed much 
nearer to the eye. . 


* 


When A PR of light | is bens out of 
its courſe by refraction, all the rays of 
which it conſiſts are not equally refracted, - 
but ſome of them more and others 
leſs ; and the colour which they are diſ- 
poied to exhibit is connected invariably 
with the degree of their refrangibility; 
the red- coloured rays being the leaſt, 

and the violet the moſt refrangible, and 
the reſt being more or leſs ſo in propor- 
tion to their nearneſs to theſe, which are 
| the extremes, in the following order, 
violet, 1 blue, n Fb 
— orange, red. g 


- 
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Theſe colours, when ſeparated | as 
much as poſſible, are ſtill contiguous ; 
and all the ſhades of each colour have 
likewiſe their ſeparate and invariable de- 
grees of refrangibility. When ſepara- 
ted as diſtinctly as poſſible, they divide 
the whole ſpace between them exactly 
as a muſical chord is divided in order to 
ſound the ſeveral notes and half notes s of. 
an Oe | 
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Theſe enen cbt rays of 
light are alſo ſeparated in paſſing througi 
fanſparent medium of air and wa- 

n conſequence of which the ſky 
appears blue and the ſea green, theſe 

_ rays being returned, while the red ones 
proceed to a greater diſtance, By this 
means alſo objects at the bottom of the 
ſea appear to divers red, and fo do all 
— W 8 ” an evening fun. 


| The mixture If all the differently-co- 
Joured rays, in the proportions in which 
they cover the coloured image above 
mentioned, makes a white, and the ab- 
ſence of all light is blackneſs. a 
1 By 
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By means of the different . 
bility of light, the colours of the rainbow 
_ be n | 


The Gene to whichehs differently- 
coloured rays are ſeparated from each 
other is not in proportion to the mean 
refractive power of the medium, but 
depends upon the peculiar conſtitution 
of the ſubſtance by which they are re- 
fracted. The diſperſing power of glaſs, 
into the compoſition of which lead en- 
ters, is great in proportion to the mean 
refraction; and it is proportionally little 
in that glaſs in which there is much alka- 
line ſalt. The conſtruction of achromalic 


_ de pends upon this e 


Not als have different u of. light = 
theſe different properties with reſpect to 

bodies, ſo as to be more or leſs re- 
fracted, or diſperſed, by them, but dif- 
| ferent ſides of the fame rays ſeem to have 


different properties, for they are differ- 


ently affected on entering a piece of 
i/ſlana cryſtal. With the ſame degree of 


b part of che pencil of rays, 
conſiſting 
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conſiſting of all the colours, proceeds 


in one direction, and the reſt in a differ- 
ent one; ſo that objects ſeen through a 


0 piece of this ſubſtance appear double. 
At the ſurface of all 'bodies . rays. of | 


light are rand reflected, or 
tranſmitted, w. 

But if the . ſurface be very near 
to it, the. rays of one colour chiefly are 


reflected, and the reſt tranſmitted, and : 
theſe places occur alternately for rays of 


each of the colours in paſſing from the 
thinneſt to the thickeſt parts of the me- 
dium; ſo that ſeveral ſeries, or orders, 
of colours will be viſible on the ſurface 
of the ſame thin tranſparent body. On 
this principle coloured rings appear be- 
tween a plane and a convex lens, in a 


little oil on the ſurface of water, and in 


bubbles made with ſoap and water. 


When rays of light paſs near to any d 


body, ſo as to come within the ſphere of 


its attraction and repulſion, an inflection 
takes place; ; all the kinds of rays being 
24S bent 
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. bent towards, or from, the W and 
theſe powers affecting ſome rays more 
than others, they are by this means alſo 
"ſeparated from each other, fo that co- 
loured ſtreaks appear both within the 


+ ſhadow, and on the outſide of it, the 


red rays being inflected at the great- 
eſt diſtance from the body. 


: Part of the light hath enters bodies 
is retained within them, and proceeds 
no farther ; but ſo looſely in ſome kinds 
of bodies, that a ſmall degree of heat is 
_ ſufficient to expel it again, ſo as to make 
the body viſible in the dark; but the 


more heat is applied, the ſooner is all 


the light expelled. This is a ſtrong ar- 
gument for the materiality of light. 
Bolognian ph+ſphorus is a ſubſtance which 
haas this property ; but a compoſition 
made by Mr. Canton, of calcined oyſ- 
ter-ſhells and ſulphur, ina much greater 
degree. However, white paper, and 
moſt ſubſtances, except the metals, are 
poſſeſſed of this property in a ſmall 


degree. 


Some 


EXPERIMENTAL PHILOSOPHY. 179 


Some bodies, eſpecially phoſphorus, 
and animal ſubſtances tending to putre- 
faction, emit light without being ſenſi⸗ 
N hot. | 


/ 


— 


| The colours of vegetables, and like- 
.. wiſe their taſte and ſmell, depend upon 
light. It is alſo by means of light falling 
on the leaves and other green parts of 
f plants that they emit dephlogiſticate1 
air, which preſerves the atmoſphere fir 
| for „ 


It is light that imparts colour to. the 
ſkins of men, by means of the fluid im- 
mediately under them. This is the cauſe 
of tanning, of the copper colour of the 
North Americans, and the black of the 
Negroes. Light alſo gives colour to 
ſever other ſubſtances, eſpecially the = 
folutions of mercury in acids, 


* 
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: — LECTURE XXXIIL 
. Of Magnetiſm. 5 


| 3 is a property peculiar to 
iron, or ſome ores of it. The earth 
itſelf, owing probably to the iron ores 
contained in it, has the fame property. 
But though all iron is ated upon by 
magnetiſm, ſteel only is capable of having 
the power communicated to l. 
Every magnet has two poles, deno- - 
minated north and /outh, each of which 
attracts the other, and repels t that of the 
fame kind with itſelf, If a magnet be 
cut into two parts, between the two 
poles, it will make two magnets, the 
parts that were contiguous We op- 


poſite poles. 


2 ugh the EY of. 2 magnet are 


denominated north and ſouth, they do 
not 


— 
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not conſtantly, and in all parts of the 
earth, point due north or ſouth, but in 
moſt places to the eaſt or weſt of chem, ä 
and with a conſiderable variation in a 
courſe of time. Alſo a magnet ex- 
actly balanced at its centre will have a s 
declination from an horizontal poſition 8 
of about 70 degrees. The former is 
called the variation, and the latter the 
dipping of the magnetic needle. 


A frraight bar of iron "hich has 
been long fixed in a vertical poſition, 
_will become a magnet, the lower end 
becoming a north pole, and the upper 
end a ſouth one; for if it be ſuſpended 
horizontally, the lower end will point 

towards the north, and the upper end 
towards the ſouth. Alſo any bar of 
iron, not magnetical, held in a vertical 
poſition, will become a temporary mag- 
net, the lower end becoming a north 
pole, and the upper end a ſouth one; 
and a few ſtrokes of a hammer will fix 
the poles for a ſhort time, though the 
poſition of the ends be changed. Mag- 
netiſm may likewiſe" be given to a bar 
EO 35 5 


182 LECTURES "on 


of iron ba placing it firmly i in the po- 

ſition of the dipping- needle, and rub- 

bing it hard one way with a poliſhed 

ſteel inſtrument. Iron will alſo become 
magnetical by ignition and quenching 
it in water in the poſition of the 9255 
Ping -needle, | 


| Magnetifin aQs, iber any diminu- 
tion of its force, through any medium:; 
and iron not magnetical will have that 
power while it is in connexion with a 
magnet, or rather the power of the 
magnet is extended through the lron. 


Steel filings gently thrown upon a 
magnet, adhere to it in a curious man- 
ner; andthe filings, acquiring magnet- 
iſm by the contact, adhere together, and 
form a number of ſmall magnets, which 
arrange themſelves according to the at- 


traction of the poles of the original 


magnet. This experiment is made to 

the moſt advantage upon a piece of 
paſteboard, or paper, ne over the 
f Om” | A 


| 1 


= 
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Magnetiſm is communicated by the 
fricl ion, or the near poſition of a mag 
| ing to a piece of ſteel of a ſize leſs than 
it. For this reaſon a combination of 

b hea bars will have a greater effect 
than a ſingle one; and in the following 
manner, beginning without any magnet- 
iſm at all, the greateſt quantity may be 

| procured. Six bars of ſteel may be 
rendered ſlightly magnetical by fixing 
each of them ſucceſſively to an upright - 
poker, and ſtroking it ſeveral times 
from the bottom to the top with the 

lower end of an old pair of tongs. II 
then four of theſe bars be joined, the 
magnetiſm of the remaining two will be 
much increaſed by a proper method of 
rubbing with them; and by changing 
their places, joining the ſtrongeſt, and 
acting upon the weakeſt, they may all 
be made as magnetical as they are ca- 

pre of. , 


# 2 he firenarh « a natural magnet 
may be increaſed by covering its polar 
extremities with ſteel. This 1s called ED 

the ming of che loadſtone, 


2 > 
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To accomt for the vaelttion of the 
needle, Dr. Halley fuppoſed the earth 
to confilt of two parts, an external hell 

and att internal nuclens, detached, and 

having 4 revolution diſtinct from it; and 
that the action of the poles of the ſhell 
and of the nucleus would explain all the 
varieties in the poſition of the needle. 

But others think that the cauſe of the 

mhagnetifm of the earth is not within, 

bur toi bout ſelf, One reaſon for this 
opinion is, that a magnet is Hable to be 
affected by a firong aurora borealis; 
and another is, that the variation of the 
needle. proceeds in fuch a manner as 
ſuppoſes that the motion of the nucleus 
muſt be. quicker than that of the ſhell of 
the earth; whereas, ſince it is moſt na- 
tural to ſuppoſe that motion was com- 
municated to the nucleus by the ſhell, 
it would be . wy 


Some idea of the quantity and the 
progreſs of the variation of the needle 
may be formed from the following facts. 
At the Cape of Good Hope, when 
it was diſcovered it the Portugueſe, in 
1 1486, 
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1486, there was no variation, the nee- - 
dle there pointing due north; in 1622 
it was about 2 degrees weſtward, in 


1675 it was 8? W. in 1700 about 11* 


W. in 1756 about 18˙ W. and in 1774 
about 211 W. In London, in 1580, 


the variation was 11 degrees 15 ſeconds 


E.; in 1622 it was 6* E. in 1634 it was 


4 deg. 5 min. E in 1657 it was nothing 


at all; in 1672 it was 2 deg. 30 min. 
W. in 1692 it was 6 deg. W. in 1753 


it was about 16 W. and at preſent it is 
| about 21 W. 


The Se 1 ſome places be 


| found by the variation of the needle; 


and Mr. Churchman, of America, 
having given much attention to the 


ſubject, comparing the obſervations of 
- others, and many of his own, thinks 


that he has found a method of determin- 
ing the longitude to a great degree of 


certainty, dn moſt Caſes, by this means. 


He ſays there are two magnetic poles 
of the earth, one to the north and tlie 
other to the ſouth, at different diſtances 
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from this” poles of the earth, and re- 
volving in different times; and from the 
combined. influence of theſe two poles 
he deduces rules for the poſition of the 
needle in all places of the carth, and at 
all times, ones owe” or to come, 


The north: magnetic- pal * "6h, 
makes a complete revolution in 426 
years, 7 days, 9 hours, . and the ſouth 
Pole in about 5459 years. In the be- 
Sinning of the year 1777 the north 
magnetic pole was in 76 deg. 4 min. 
north latitude; and in longitude from 

Greenwich 140 deg: caſt; and the ſouth 
was in 72 deg. ſouth latitude, and 140 
mic, 2 from Greenwich. 
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LECTURE xxXIV. 
Of E laricity. 


131 is a wp buen 
to, or capable of being communicated 


to, all ſubſtances whatever; and whereas 
: by ſome of them it is tranſmitted with 
great eaſe, and by others with much 
difficulty, they have been divided into 
two claſſes, and denominated conduftors 
or non-ccndufors of electricity. Allo 
the latter receiving | this power by fric- 
tion, and other meang, are termed elecy . 
trics, and the former non: r. elelůrica. 


4 


4 


Metals at all 98 5 and water, are 
*conduRors, though i in very different de- 
grees; fo alſo is charcoal. All other 7 
ſubſtances, and alſo a perfect vacuum, 
are non. conductor of c But 


2 ͤ „ =. S 


1 are 


* eruiert 
are made very hot, as glaſs, reſin, 
| baked wood, and perhaps all the reſt. 
on which the experiment can be made 


in this ſtate, are conductors. 5 


Ie is the property of all kinds of 
electrics, when they are rubbed by bo- 
dies different from themſelves, to attract 
ght ſubſtances of all kinds, to exhibit 
an appearance. of bight, attended with 
a particular ud, on the approach of 
any conductor; and if the noſtrils are 
preſented, they are affected with a ſinell 
like that of phoſphorus. This attracti- 
on is moſt eafily explained by ſuppoſing 
that electricity is produced by a fluid 
exceedingly elaſtic, or repulſive of it- 
ſelf, and attracted by all other ſub« 
ſheaves, EY 


| -An de Arie exhibiting the appear- 
Inces above mentioned, is ſaid to be 
excited, and ſome of them, particularly 
the tourmalint, are excited by heating 
and cooling, as well as by friction. It 
appears, however, that excitation con · 
liſts in the mere transferring of electri- 
„ | | eity . 
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City. from one ſubſtance to another, and ; 


that the great ſource of electricity is in 
the earth. On this account it is neceſ- 


ſary to the conſiderable excitation of any 
electric, that the ſubſtance againſt which 


it is rubbed (hence termed the rubber) 


have a communication with the earth, 


by means. of conductors: for if the 


rubber be inſulated, that is cut off from. 


all communication. with the - earth by. 
means of electrics, cha action has bus: 
lite effect. ö : 


„ 
Ll 


| When inſulated WL have. hema 


tracted by, and brought into con- 
tact with, an excited electric, they 
begin to be repelled by it, and 
5 alſo to repel One another 35 nor will they 


be attracted again till they have been 


brought into contact with ſome con- 


ductor communicating with the earth; 


but after this they will be attracted as at 
| | | * | | * | 

If conductors be inſulated, electric 

powers may be communicated to them 
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| the contact of other electrified bodies. ; 
They will then attract light bodies, and 
give ſparks, &c. like the excited clec- a 


trics themſelves. 


| When defricity is ſtrongly commu- 
nicated to inſulated animal bodies, the El 


: pulſe i is quickened, and perſpiration in- . : 


ie lhe and if they receive, | or part - 


with, their electricity on a ſudden, - a 


painful ſenſation is felt at the place of 
communication. But what is more ex- 


traordinary, is, that the influence of 


the brain and nerves upon the muſcles 


ſeems to be of an electric nature. 


This is one of the laſt and TIE 4 
portant of all philoſophical diſcoveries. 
I ſhall, therefore, give the reſult of all 
the obſervations that have hitherto been 
made on the ſubject, in a /eries of pro- 


F 


Poſitions, drawn up by. an intelligent 


friend, who has given much more at- 


tention to it than 1 have done. 


1. The nerve of the limb of an ani- 


5 being laid bare, and ſurrounded 
- With 


if a communication be 23 arent 2 
the nerve thus armed and any of the 


. neighbouring muſcles, by means of a 


piece of zinc, ſtrong contractions will 15 


be en in * e 


* f | : 


2 11 a portion of ahi nerve which 
has been laid bare be armed as above, 5 


contractions will be produced as power- 
fully, by forming the communication 
between the armed and bare part of the 


nerve, as between the armed part and 


3. A miley effect is 1 by 
arming a nerve and ſimply touching the 


armed part of the nerve with the me- 


tallic conductor. 


4 8 
1 5 


4 eee will take place if a 
muſcle be armed, and a communication 
be formed by means of the conductor 


between it and a neighbouring nerve. 
The ſame effect will be produced if the 


communication the: formed between the 
1 r armed 
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armed muſcle and another muſes which 
A - Ss Wo 


Lf Comeltices 1 may be hated in 


the limb of an animal by bringing the 


* ” 


pieces of metal into contact with each 


other at ſome diſtance from the limb, 


provided the latter make part of a line 


of. communication between the two me- ; 


take conductors. 


The b which proves this is 


made in the following manner. The 


amputated limb of an animal being 


placed upon a table, let the operator 


hold with one hand the prineipal nerve, 


previouſly laid bare, and in the other 


let him hold a piece of zinc; let a ſmal! 
plate of lead or ſilver be ehen laid upon 


the table, at ſome diſtance from the 


limb, and a communication be formed, £ 


by means of water, between the limb 
and the part of the table where the me- 
tal is lying. If the operator touch the 
Piece of ſilver with the zinc, contrac- 
tions will be produced in the limb the 
moment that the metals come into con- 
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tact with each other, The ſame effect 
will be produced if the two pieces of 
metal be previouſly placed in contact, 
and the operator touch one of them 
with his finger. This fact was a 
voids by N. Mien Cruikſhank. *. 
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5. neden can be e in 
the amputated leg of a frog, by putting 
it into water, and bringing the two | 
metals into contact with each other at a 
. fall e from the limb. 
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3 he e hath has paſſed | 
through,” and excited contractions in, 
one limb, may be made to paſs through, 
and excite contractions in, another limb. 
In performing this experiment it is ne- 
ceſſary to attend to the following cir- 
cumſtances: let two amputated limbs of 
a frog be taken; let one of them be 
laid upon a table, and its foot be folded 
in a piece of ſilver; let a perſon lift up 
the nerve of this limb with a ſilver 
probe, and another perſon hold in his 
hand a pieee of zinc, with which he is 


to a done the ſilver inis the foot ; 
42 K let 
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let the perſon holding the zinc in one 
hand catch with the other 'the nerve of 
the ſecond limb, he who touches 
the nerve of the firſt limb is to hold in 
his other hand the foot of the ſecond; 
let the zinc now be applied to the ſilver 
including the foot of the firſt limb, and 
contractions will immediately be: excited 
in boch 3 N 


8. The heart is the way 1 
-muſcle in which contractions can be ex: 
159 by theſe experiments. 


. Contractions are produced . 
ſtrongly, the farther the coating is 
Placed from the origin'of the nerve. | 


10. Anime which were almoſt dead 
have been found to be conſiderably re- 
vived by Py this influence. eee 


11. When chele expetiments are re- 
. upon an animal that has been kil- 
led by opium, or by the electric ſhock, 
very flight contractions are produced; 
and no contractions whatever will take 
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place in an animal that has been killed 
by corroſive ſublimare, or chat has been 
me to * i 


13. Zinc appears to be the beſt ex- 
citer when applied to gold, filver, mo- 
lybdena, ſteel, or copper. The latter 
metals, however, excite but feeble con- 
trations when applied to each other; 
Next to zinc, in contact with theſe me- 
tals, tin and lead, and ſilver and lead, 
appear to be the moſt Ne exciters. 


At leaſt two kinds of filhes, the or- 
* and the elefirical cel, have a vo- 
luntary power of giving ſo ſtrong a 
ſhock to the water in which they ſwim, 
as to affect fiſhes and other animals which 

come nrat them; and by a condu ding 

communication between different parts 
of theſe fiſhes, an electric ſhock may be 
given exactly like that of the Leyden 
phial, which will be deſcribed hereaſter; 
and if the communication be interrupted, 
a flaſh of electric ach will be P 


The 1 af vegetables is al 


quickened by electricity. 5 
„ 2 11 8 
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The ſame Subject continued. 


No electric can be excited without 
producing electric appearances in the 
body with which it is excited, provided 

that body be inſulated; for this inſula- 
ted rubber will attract light bodies, give 
ſparks, and make a ſnapping noiſe, up- 
on the approach of a conductor, as well 
as the excited electric. 1 Tas 


If e e conductor be pointed, 
or if a pointed conductor, communi - 
cating with the earth, be held pretty near 
it, little or no electric appearance vill 
be exhibited, only a light will appear at 
each of the points during the act of ex- 
citation, and a current of air will be 
ſenſible from off them bot. 


The 
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The effect of pointed bodies is beſt 
explained on the ſuppoſition of the 
electric matter in one body repelling that 
in another; and conſequently the elec- 
tricity belonging to a body with a large 
ſurface making a greater reſiſtance to 
the entrance of foreign electricity than 
that belonging to a ſmaller. | 


Theſe two  elearicities, viz. that of 
the excited electric, and that of the 
rubber, though ſimilar to, are the reverſe 
of, one another. A body attracted by 
the one will be repelled by the other, 
and they will attract, and in all reſpects 
act upon, one another more ſenſibly than 
upon other bodies; ſo that two pieces of 
gl or ſilk poſſeſſed of contrary electri- 
cities will cohere firmly together, and 
require a conſiderable force to ſeparate. 
i... 5 


— 


Theſe two elticices 3 been 
: firſt diſcovered by producing one of: 
them from glaſs, and the other from am- 
ber, ſealing-wax, ſulphur, . rofin,, &c.. 
| firſt obtained the names of vitreous and 
| * * Tf nous 
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reſinous electricity; and it being after- 
wards imagined that one of them was a 
redundancy, and the other a deficiency, 
of a ſuppoſed electric fluid, the former 
has obtained the name of peſitive, and 
the latter that of negative, electricity; 
and theſe terms are now pee th in 
we.” "el | 
- Poſitive and negative electricity may 
be diſtinguiſhed from each other by che 
manner in which they appear at the 
points of bodies. From a pointed body 
cleꝗrified poſitively, there iſſues a ſtream 
af light, divided into denſer ſtreams, at 
the | extremities; whereas, when the 
point is electrified negatively,” the light 
is more minutely divided, and diffuſed 
equally. The former of 18560 is called 
abr af and the latter a far. ; 8 


* 


If a conductor not inſulated be brought 
within the atmoſphere (that is the ſphere 
of action) of any electfified body, it 

acquires the electricity oppoſite to that 
of the electrified body, and the nearer 
it is 3 the ſtronger oppolite elec- 
= tricity 


— 


moſt convenient for this purpoſe, and 
the thinner the plate the greater is the 


charge it is eapable of holding The 
conductors contiguous to each ſide of the 
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en it acquire, till the one receive 
a ſpark from the other, and then the 
8 e of both will be a 


. A 


ates the two condud ors poſſeſſing theſa 


two oppoſite kinds of electricity, is ſui: * 


to be charged. Plates of glaſs are the 


2 5 are eg ares n 


A to he ere N 


general principle, it is neceſſary that 


one {ide of the charged glaſs have a com- 
munication with the rubber, while the 


other receives the electricity from the 


conductor, or with the conductor, while 
the other receives from the rubber. 


11 follows alſo, that the two fides of 


the plate thus charged are always poſſeſſ- 
ed of the two oppoſite electricities; that 


ſide which communicates with the ex- 
2 electric having the electricity of the 


55 electric, 


The eledrie ſubſtance which er, 


R 
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clectric, and that which communicates 
with the rubber, that of the rubber. 


"Thea i is, . a very eager 
attraction between theſe two electrici- 
ties with which the different ſides of the 
plate are charged, and when a proper 
communication. is made by means of 
conductors, a flaſh of electric light, at- 
tended with a report (which. is greater 
or leſs in proportion to the quantity of 
electricity communicated to them, and 
the goodneſs of the conductors) is per- 
ceived between them, and the electricity 
of both ſides is thereby diſcharged. pets 


T he 8 of the glas ieſelf, in, 
or upon, which theſe electricities exiſt, 
is impervious to electricity, and does not 
permit them to unite; but if they be 
very ſtrong, and the plate of glaſs very 
thin, they will force a paſſage through 
the glaſs. This, however, always breaks 
the glaſs, and renders it W 1 
another charge. 25 


* 
** — 4 


7 
S 1 7 "I 
*, 
+ * The 
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The flaſh of light, together with the 
exploſion between the two oppoſite ſides 
of a charged electric, is generally called 
the electric ſhock, on account of the diſ- 


_ agreeable ſenſation it gives any animal 


whoſe body is made uſe of to form the 


communication between them. 


ä The cleatic ic hock wy droge found to 
charged glaſs to the other by the ſhorteſt | 
paſſage. | through. the beſt conductors.” 
Common communicated electricity alſo 

obſerves the ſame rule in its tranſmiſſion | 


from one body to another. e Tit, 


wy It has not been PRE that the elec- 


tric ſhock takes up any ſenſible ſpace of 
time in _ en to the ee I 


Are « 15 


4 


The eledric en as alles 0 com- 


mon electric ſpark, diſplaces the air 


through which it paſſes; and if its paſſage 

from conductor to conductor be inter- 
rupted by-non-cbnduQors of a moder- 
ate thickneſs, it will rend and tear them 
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in its paſfage, in ſuch a manner as to ex- 
hibit the appearance of a ſudden expan- 


_ 1 the air eee center f * 


If the cledvic "circuit be interrupted, 
the electric matter, during the diſcharge, 
will paſs to any other body that lies near 
its path, and inſtantly return. This may 
be called the lateral exploſion. The ef- 
fect of this lateral exploſion through 2 
braſs chain, when the quantity of elec- 
tricity is very great, will be the diſco- 
louring and partial Ky of the e 
on which it lies. 


If a great quantity of electricity be 
accumulated, as in a battery, the explo- 
fion will paſs over the ſurfaces of imper- 
fect conductors without entering them, 
and the effect will be a ſtrong concuſſion 
af the ſubſtance. Alſo the electric mat- 
ter thus accumulated and condenſed will, 
by its repulſion, form concentric circles, 
which will appear by melting the ſurface 
of a flat piece CE” on e the 
* is received. my 
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If an electric ſhock, or ſtrong ſpark, 
be made to paſs through, or over, the 
belly of a muſcle, it forces 1 it to contract, 
as in a convulſion. 


If a ſtrong ſhock be ſent through a 


ſmall animal body, it will often deprive 
it ne of life. 


3 


When the lac. hands is very 


ſtrong, it will give polarity to magnetic 
2 1 en it n their 


m—_— 


Great Se by whith animals are 
killed, 1 eee 


- EleQticity and nenn; are in all re- 
ſpects the ſame thing; ſince every effect 
of lightning may be imitated by elec- 
tricity, and every experiment in elec- 
tricity may be made with lightning, 


brought down from the clouds by means 


of inſulated pointed rods of metal. 
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LECTURE XXXVI. 


The ſame Subje continued. 


Hana curious and import inſtru- 
ments which are among the lateft i im- 
provements in electricity, deſerve a par- 
ticular explanation, and; in all of them 
the effect depends upon the general prin⸗- 
ciples mentioned above, viz. that bodies 
placed within the influenee, or, as it is 
uſually termed, within the atmoſphere, 
of an electrified body, are affected by 
a contrary electricity, and that theſe two 
electricities mutually attract each other. 
Theſe inſtruments are the eledtrophorus, 
the eee Of. ee and the 
es of it. 

The ee conſiſts of: an in- 
ſulated conducting plate applied to an 
inſulated electric. If the latter have any 
electricity communicated to it, for ex- 

ample, 
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ample, the negative, the poſitive elec- 
| tricity of the former will be attracted by 
it, and conſequently the plate will be 
| capable of receiving electricity from any 
body communicating with the earth; 
being, in this ſituation; capable of con- 
taining more electricity than its natural 
quantity. Conſequently, when it is re- 
moved from the lower plate, and the 
whole of its electricity equally diffuſed 
through it, it will appear to have a re- 
dundance, and therefore will give a ſpark 
to any body communicating with the 
earth. Being then replaced upon the 
electric, and touched by any body com- 
municating with the earth, it will be again 
affected as before, and give a ſpark on 
being raiſed; and this proceſs may be 
continued at pleaſure, the electrophorus 
ſupplying the place of any other . 
cal ware 


it the. conducting plate of the elec- 
trophorus be applied to a piece of dry 
wood, marble, or any other ſubſtance 
through which electricity can paſs but 
very ſlowly, or if the inſulated conduct- 
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ing plate be covered with a piece of in 
ſilk, which will make ſome reſiſtance to 
the paſſage of electricity, and it be then 
applied to another plate communicating 
with the earth; and if, in either of theſe 
caſes, a body with a large ſurface poſ- 
ſeſſed of a weak electricity be applied to 
the conducting plate, the weak electricity 
not being able to overcome the obſtruc- 
tion preſented to it, ſo as to be commu- 
nicated to the other plate, will affect it 
with the contrary electricity, and this 
reacting on the firſt plate, will condenſe 
its electricity on that part of the plate 
to which it is. Contiguous z in conſequence | 
of which its capacity of receiving efec- 
rricity will be increaſed; ſo that on the 
| ſeparation of the two plates, that elec- 
tricity which was before condenſed, be- 
ing equally diffuſed through the whole 
by plate, will have a greater intenfity than 


it had before, attracting light bodies, or 


even giving a ſpark,when the body from 
which it received its electricity was in- 
capable of it. For though it contained 
a great quantity of electricity, it was 
6 ſo large a ſpace that its 

intenſity 
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intenſity was very ſmall. This inru. 
ment is cherefore called . of 
— „% RS 2) | ” 
If an :filated dan of mat OE: 
ing the ſmalleſt degree of electricity be 
preſented very near to another plate com- 
municating with the earth, it will af- 
fect this plate with the oppoſite electri- 
city; and this being, in the ſame man- 
ner, applied to a third plate, will put it 
into the ſame ſtate with the firſt. If then 
theſe two plates be joined, and the firſt 
plate be preſented to either of them, 
its own electricity being attracted by that 
of the plate preſented, that of the other 
will be drawn into it, ſo that its quan- 
tity will be doubled. The ſame proceſs 
being repeated, will again double the 
electricity of this plate, till, from being 
quite inſenſible to the moſt exquiſite elec- 
trometer,, it will become very conſpi- 
cuous, or even give ſparks. This in- 
ſtrument is therefore called a doubler of 
elefiricity, of excellent uſe in aſcertain- 
ing the quality of atmoſpherical electri- 
city when ever ſo ſmall. If this inſtru- 
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